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The invention relates to N- and C- terminally truncated diseased 
forms of tau proteins discovered specifically in Alzheimer's dis- 
ease and related disorders . 



The invention further relates to methods for screening and test- 
ing potential drugs effective in inhibiting, neutralising and 
eliminating N- and C- terminally double truncated tau proteins or 
preventing the formation of thereof and to procedures for screen- 
ing and testing potential drugs of which the mode of action is 
based on neutralising the modification of microtubule assembly 
and/or dynamics caused by said double truncated diseased forms of 
tau proteins. 

Alzheimer's disease is the most common cause of dementia. In less 
than 5% of the cases Alzheimer's disease cosegregates almost com- 
pletely with one or more specific mutations in the amyloid pre- 
cursor protein, presenilin - 1 or presenilin-2 genes (1) and in 
over 95% of the cases, the exact disease cause is not clear. 

Independent of etiology, Alzheimer's disease is characterised 
histopathologically by the presence of numerous neurons with neu- 
rofibrillary tangles of paired helical filaments (PHF) and extra- 
cellular deposits of amyloid & as the major component of senile 
plaques in the brain. Although the exact nature of. a direct rela- 
tionship, if any, between these two hallmark lesions of Alz- 
heimer's disease is presently not understood, the presence of 
neurofibrillary degeneration appears to be required for the 
clinical expression of the disease, i.e. dementia (2,3,4). Neuro- 
fibrillary degeneration is represented by neurofibrillary tan- 
gles, dystrophic neurites and neuropil threads. The major protein 
subunit of these structures is microtubule associated protein tau 
(5,6). 

In healthy human brain tau appears in six protein isoforms gener- 
ated by alternative mRNA splicing of a transcript derived from a 
single gene locus, tau proteins differ whether they contain three 
(t3L, t3S, or t3) or four (t4L, t4S, or t4) tubulin binding do- 
mains (repeats, R) of 31 or 32 amino acids near the C- terminal 
and two (t3L, t4L) , one (t3S, t4S) , or no (t3,. t 4) inserts of 29 
amino acids each in the N-terminal part of the molecule (7,8). 
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Under physiological conditions tau protein is involved in assem- 
bly/ spatial organisation, stabilisation and behaviour of micro- 
tubules. Under physiological conditions the protein appears in 
six isoforms in healthy human brains. However in AD, tau protein 
is known to undergo a number of different post-translational 
modifications (hyperphosphorylation, ubiquitination, glycosyla- 
tion) . The recent discovery of cosegregation of specific muta- 
tions in the t gene with the disease frontotemporal dementia with 
Parkinsonism linked to chromosome 17 (FTDP-17) has confirmed that 
certain abnormalities in the tau protein can be a primary cause 
of neurodegeneration and dementia in affected individuals (9,10). 
The molecular events leading to tau modification and paired heli- 
cal filament (PHF) formation in Alzheimer's disease are unknown. 
This explains the observation of a broad spectrum of pathophysio- 
logical events such as pathological redistribution of tau pro- 
tein, failure of axonal transport or a failure to maintain axonal 
microtubule function (11,12,13). To date the significance of PHF 
fibril formation in Alzheimer's disease is questioned in the 
light of the recent discovery that any protein can form fibrils 
in vitro (14) . 

Many authors believe that formation of paired helical fibrils in 
Alzheimer's disease represents a primary event in neurofibrillary 
pathology which is based on abnormal phosphorylation. PHF assem- 
bled tau protein reacts with certain antibodies in a phosphoryla- 
tion dependent manner, suggesting a special phosphorylation 
status (15,16). Furthermore it has been observed that PHF derived 
tau protein shows a reduced electrophoretic mobility in SDS gels 
which may be related to its phosphorylation pattern (Steiner et 
al., EMBO J. 9 (1990), 3539-3544). Similarly it has been sug- 
gested that due to phosphorylation, PHF derived tau has lower af- 
finity for microtubules compared to normal tau protein, since a 
similar effect was found when normal tau was phosphorylated in 
vitro by certain kinases (17,18). tau is one of the most soluble 
proteins known (19,20,21) and therefor its aggregation in Alz- 
heimer's disease is particularly enigmatic. On the other side the 
mechanisms by which tau protein is modified in a manner which 
leads to filament formation in Alzheimer's disease are unknown. 
Phosphorylation of tau affects the potential of tau to form ag- 
gregates, producing either stimulatory or inhibitory effects on 
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microtubule polymerisation, presumably depending on the site of 
phosphorylation (22-27) . Many in vitro studies demonstrate that 
in the presence of the reducing agent dithiothreitol (DTT) , un- 
saturat ed free fatty acids, RNA or glycosaminoglycans, normal ta u 
can be transformed into filaments (28-31,38). Furthermore, the 
process of filament formation can also be accelerated by the 
presence of cross-linked tau generated through oxidation at 
Cys322 (32). The parameters that varied in different filament as- 
sembly studies including tau protein concentration, pH and ionic 
strength were manyfold higher than in the cytoplasm under physio- 
logical conditions. Examination of in vitro formed tau filaments 
by scanning transmission electron microscopy (STEM) showed, that 
these filaments differ from native paired helical filaments (33). 
In the absence of glycans or RNA, no PHF-like filaments are de- 
tectable in samples containing unphosphorylated or phosphorylated 
wild type tau. Moreover it has been suggested that phosphoryla- 
tion could play a protective role in Alzheimer's disease (34) . 
Similar suggestions for modification of tau leading to assembly 
of PHF with resulting microtubule disassembly and interference 
with vital neuronal processes, such as axonal transport, were 
made for ubiquitination and glycosylation (30,35,36,37). However 
none of above mentioned post-translational modifications alone 
could provide molecular explanation for the initiation of tau 
changes leading to its malfunction that correlate with clinical 
expression in Alzheimer's disease. 

Therefore it remains unclear which of above mentioned modifica- 
tions of tau are involved in the pathogenesis of Alzheimer's dis- 
ease. 

To date no reliable data on the mode or regulation of post-trans- 
lational events leading to the formation of early tau protein 
complexes are available. For the prevention of the formation of 
such complexes and for neutralisation of any associated, patho- 
genic effects thereof, the precise molecular nature of diseased 
tau and the regulatory mechanism transforming normal tau to its 
N- and C-terminally double truncated forms need to be clarified. 
This detailed knowledge would allow to construct tools for Alz- 
heimer therapeutics and diagnostics . 
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It is therefore an object of the present invention to provide 
such reliable markers correlated with pathological dysfunction of 
Alzheimer's disease neurons. Moreover, suitable tools for verify- 
ing the presence and assaying the activity of such tau derived 
polypeptides would be valuable means for Alzheimer diagnostics 
and therapeutics .- 

The present invention therefore provides N- and C-terminally dou- 
ble truncated tau molecules, which are characterised by the fol- 
lowing features ("type IA tau molecules"): 

the molecules have at least the first 236 N-terminal amino 
acids and at least the last 45 C-terminai amino acids of the 4 
repeat containing tau43 truncated, 

the molecules are detectable in Alzheimer's diseased brain 
tissue whereas the molecules are not detectable in normal healthy ' 
brain tissue and 

the molecules prevent normal tau protein from promoting mi- 
crotubule assembly in an in vitro microtubule assembly assay, 

said prevention of the promotion of mictotubule assembly can 
be eliminated by specific inhibitory, neutralising monoclonal an- 
tibodies against said molecules in a microtubule assembly assay. 

in the following the designation 'N- and C-terminally double 
truncated tau proteins' is used to describe two groups of trun- 
cated tau derivatives which appear in Alzheimer's disease brains 
and which are- closely correlated with pathological dysfunction of 
Alzheimer's disease neurons, in particular, these proteins repre- 
sent a group of molecules which exert their pathological function 
by modifying microtubule associated biological functions such as 
microtubule assembly or intracellular transport, 
in the following the term 'protein complexes' is used for N- and 
C-terminally double truncated tau proteins in the" form of homodi- 
meric, heterodimeric or multimeric complexes that are composed of 
molecules that are physically associated with tau and/ or double 
truncated tau proteins. 



As used herein, the term 'tau' refers to the group of shortest 
naturally occuring isoforms present in healthy human brain con- 
taining three repeats (tau44) and four repeats (tau43) in their 
microtubule binding domain as previously described (39, 40): 
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tau43 (383 Aminoacids, missing exons 2 and 3 [pos 45-102]) 
tau44 (352 Aminoacids, missing exons 2,3 and 10 [pos 45-102 and 
275-307, resp.]). In the following text the term "wild type tau" 

is us ed_ synonymously f^_J^rml-J^U-pr.o.teinJi-and-.r.e£ers- -to~fcau- 

protein derived from healthy brains. 

Specifically preferred type IA tau molecules according to the 
present invention comprise an amino acid sequence selected from 
the group of SEQ ID NOs 1 to 3 . 

Further, the present invention provides N- and C-terminally dou- 
ble truncated tau molecules, which are characterised by the fol- 
lowing features ("type IB tau molecules"): 

the molecules have at least the first 238 N-terminal amino 
acids and at least the last 40 C-terminal amino acids of the 4 
repeat containing tau43 or the first 207 N-terminal amino acids 
and at least the last 50 C-terminal amino acids of the 3 repeat 
containing tau44 truncated , 

the molecules are detectable in Alzheimer's diseased brain 
tissue whereas the molecules are not detectable in normal healthy 
brain tissue and 

the molecules do not prevent wild type tau from promoting 
microtubule assembly in an in vitro microtubule assembly assay. 

Preferred type IB tau molecules are characterised in that the 
comprise an amino acid sequence selected from the group of SEQ ID 
NOs 4 to 10. 

The present invention also provides N- and C-terminally double 
truncated tau molecules, which are characterised by the following 
features ("type IIA tau molecules") : 

the molecules have at least the first 68 N-terminal amino 
acids and at least the last 40 C-terminal amino acids of the 4 
repeat containing tau43 or the first 68 N-terminal amino acids 
and at least the last 20 C-terminal amino acids of the 3 repeat 
containing tau44 truncated, 

- the molecules are detectable in Alzheimer's diseased brain 
tissue, whereas the molecules are not detectable in normal 
healthy brain tissue, 

the molecules have a higher microtubule assembly promoting 
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activity than wild type tau in an in vitro microtubule assembly 
assay, 

said microtubule assembly promoting activity can be elimi- 
nated by specific inhibitory, neutralising monoclonal antibodies 
against said molecules in a microtubule assembly assay and 

the pathologic activity of said molecules relies their bind- 
ing to the microtubular. network defined by the microtubule polym- 
erisation promoting activity. 

Preferred type IIA tau molecules are characterised in that the 
comprise an amino acid sequence selected from the group of SEQ ID 
NOs 11 to 18. 

Moreover, the present invention provides N- and C-terminally dou- 
ble truncated tau molecules, which are characterised by the fol- 
lowing features ("type IIB tau molecules"): 

the molecules have at least the first 68 N- terminal amino 
acids and at least the last 40 C-terminal amino acids of the 4 
repeat containing tau43 or the first 68 N-terminal amino acids 
and at least the last 20 C-terminal amino acids of the 3 repeat 
containing tau44 truncated, 

the molecules^ are detectable in Alzheimer's diseased brain 
tissue, whereas the molecules are not detectable in normal 
healthy brain tissue, 

the molecules have a microtubule assembly promoting activity 
as wild type tau in an in vitro microtubule assembly assay, 

Preferred type IIB tau molecules according to the present inven- 
tion are characterised in that the comprise an amino acid se- 
quence selected from the group of SEQ ID NOs 19 and 20. 

According to another aspect, the present invention provides a 
method for the preparation of molecules according to the present 
invention (type IA, IB, IIA, IIB) , characterized in by the fol- 
lowing steps : 

a) construction of a recombinant prokaryotic expression plas- 
mids carrying coding sequences for a double truncated tau mole- 
cule with deletions covering at least the first 236 and the last 
40 amino acids or the first 68 and the last 20 amino acids or 
combinations thereof, 



b) growing said bacteria under conditions allowing expression 
of said N- and C-terminally double truncated tau molecule, 

c) collecting of bacteria [by centrifugation] , 

-&)_. . _r-esuspending_the JbacierLal^eJU-et i 

e) sonicating said bacteria, 

f) fractionating. said sonicated bacteria by gel filtration and 

g) monitoring the activity of the obtained fractions by a mi- 
crotubule assembly assay thereby identifying the different ac- 
tivities of type I and type II tau molecules. 

Preferably, the truncations are as defined above for type IA, IB, 
IIA and IIB molecules. The microtubule assembly assay activity is 
preferably as defined above, Especially as for IA. 

Moreover the present invention provides a method for the prepara- 
tion of molecules according to the present invention, character- 
ized in by the following steps: 

a) providing Alzheimer's diseased brain tissue, 

b) homogenising said diseased brain tissue in a buffer, espe- 
cially in Tris buffer, 

c) ammonium sulfate precipitation of said homogenised brain 
tissue, 

d) redissolving in PIPES buffer, 

e) fractionating said redissolved material by gel filtration 

and | 

f) monitoring the activity of the obtained fractions by a mi- 
crotubule assembly assay thereby identifying the different ac- 
tivities of type I and type II tau molecules. 

The microtubule assembly assay activity is preferably as defined 
above, especially as for IA. 

The present invention further provides a method for testing sub- 
stances effective in disassembling a complex of type IA molecules 
and wild type tau, comprising the following steps: 

a) allowing the formation of protein complexes between type IA 
molecules and wild type tau and 

b) incubating the protein complexes with a substance to be 
tested and identifying those substances which allow the restora- 
tion of the microtubule assembly promoting " capacity of wild type 



tau. 



Further, the present invention also provides a method for testing 
substances effective in inhibiting type IA molecules from initi- 
ating the formation of complexes with wild type tau in a cellular 
system expressing wild type tau comprising the following steps: 

a) introducing a functional gene encoding a type IA molecule 
under the control of suitable regulatory regions into a cell ex- 
pressing normal tau protein,- 

b) allowing the formation of protein complexes between type IA 
molecules and normal tau molecules, 

c) applying the substance to be tested to the cells harboring 
said complexes and 

d) examining the effect of said substance on type IA biological 
activity as defined above. 

The present invention also provides a method for in vitro conver- 
sion of microtubules into a pathological state characterised by 
incubating wild type tau protein with type IIA under physiologi- 
cal conditions which allow the interaction of said type IIA mole- 
cules with microtubules generating pathological microtubules. 

According to another aspect, the present invention provides a 
method for screening substances capable of neutralising the 
pathological effects of a type IIA molecules for their property 
to eliminate and/or neutralise type IIA molecules and to restore 
physiological microtubule parameters and functions caused by type 
II molecules comprising the following steps: 

a) formation of pathological microtubules in the presence of 
type IIA molecules and tubulin, 

b) incubation of a mixture of the substance, type_ IIA and tubulin 
with the substance to be screened and 

c) examination of the result with respect to diminishing the for- 
mation of pathological microtubules caused by type IIA molecules. 

According to the present invention, also a method for testing 
substances effective in inhibiting the in vivo activity of type 
IIA molecules in promoting abnormal microtubule formation and 
function in a cellular system expressing type IIA molecules is 
provided, which comprises the following steps: 



a) introducing a functional gene encoding type IIA molecules 
under the control of suitable regulatory regions into a cell ex- 
pressing wild type.tau, 

b) allowing the formation of complexes b etween type IIA tau 

molecules and microtubules, whereby said complexes are involved 
in the formation of pathological microtubules, 

c) applying the substance to be tested to the cells harboring 
said complexes and 

d) examining the effect of said substance on type IIA biologi- 
cal activity, especially on the modifications of the microtubule 
network and its associated functions. 

According to another aspect, the present invention also provides 
transgenic animals expressing a molecule according to the present 
invention (type IA, IB, IIA or IIB) # especially IA an/or IIA. 

The present invention also relates to the use of a transgenic 
animal according to the present invention as animal model for 
Alzheimer's disease, especially for screening and testing drugs 
for the treatment of Alzheimer's disease. 

With the present invention a vaccine is provided which comprises 
a molecule according to the present invention (IA, IB, IIA or 
IIB), especially IA.and IIA, and a pharmaceutical^ acceptable 
carrier, especially an adjuvant. 

The present invention also provides inhibitor of the initiation 
of the formation of complexes of a type IA molecule with wild 
type tau. A specific example for such inhibitors are substances 
comprising a binding moiety as the monoclonal antibody DC44 de- 
posited under the deposition number 02060767 at the European Col- 
lection of Cell Cultures (ECACC) , Porton Down, Salisbury, UK , 
especially DC44 or binding fragments thereof, such as the Fab. 

Thus, the present invention provides: 

(1) molecular and functional identification and characterisation 
of N- and C- terminally truncated diseased forms of tau proteins 
These molecules exert their pathological function in Alzheimer's 
disease "by modifying microtubule associated biological functions- 
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such as microtubule assembly or intracellular transport. 

(2) antibodies specific for the protein epitopes 

(3) antibodies neutralising pathological activities of said pro- 
teins 

(4) methods for screening and testing therapeutic drug candidates 
(including antibodies) effective in inhibiting, neutralising and 
eliminating N- and C-terminally double truncated tau proteins or 
preventing formation thereof 

(5) the development of animal models bearing gene constructs en- 
coding for the respective double truncated tau proteins as trans - 
gene or transgene-rcombinations which can be used for drug 
screening 

(6) pharmaceutical compositions comprising inhibitors to said 
double truncated tau proteins and to proteases involved in their 
origin 

(7) methods for screening molecules which generate N- and C-ter- 
minally double truncated tau molecules 

(8) diagnostic and therapeutic compositions recognising and/or 
interacting with said molecules 

(9) the development of vaccines based on the antigenicity of said 
double truncated proteins 

(10) methods involving said proteins and their epitopes and/or 
antibodies or other specific probes for in vitro and in vivo di- 
agnosis of Alzheimer's disease and other disorders, related to 
pathological changes of tau. 

Accordingly, the present invention relates to the characterisa- 
tion of N- and C-terminally double truncated forms of pathologi- 
cal tau protein and their epitopes which are specifically 
occuring in Alzheimer's disease. 

Degradation of proteins is a general phenomenon occuring during 
physiological elimination of proteins encompassing production of 
intermediate truncation products of various size, usually of 
short half life, at protein is no exception and undergoes this 
process in healthy brains containing wt (=wild type) tau. In the 
following the term 'wt at covers all 6 naturally occurring iso- 
forms normally found in the brain of healthy individuals () . 
Various short truncation forms of at found in Alzheimer diseased 
brain were produced in bacteria, purified to various extent with 



aim to probe physiological function of at proteins, to map their 
domains and phosphorylation epitopes or in experiments trying to 
understand the mechanismus of paired helical assembly in Alz- 
heimer' s disease, and other neur odegenerative diso rd ers, with 
equivocal results (23-27,34,41,42). The general term "N- and C- 
terminally double truncated forms of tau proteins" refers to any 
tau protein in Alzheimer's disease with loss at least one of its 
amino acids at both ends of molecule. Throughout the analysis of 
double truncated tau in extracts from Alzheimer diseased brains 
it was found in the course of the present invention that some of 
these molecules displayed structurally and functionally distinct 
characteristics which allowed to discriminate them from other tau 
fragments found in Alzheimer's diseased brain tissue. On the ba- 
sis of this discrimination a novel scheme was provided which de- 
fines two major classes of pathogenic molecules of N- and C- 
terminally double truncated tau molecules distinct from healthy 
tau: Type I and Type II tau molecules. These groups can further 
be subdivided into two subclasses each based on the molecular 
structure and are designated type IA and B, and type IIA and B, 
respectively. 

Type IA and type IIA represent structurally and functionally dis- 
tinct types of diseased molecules derived from microtubule asso- 
ciated protein tau generated by pathological processing. N- and 
C-terminally truncated tau molecules, represent diseased mole- 
cules, derived from microtubule associated protein tau and emerg 
ing during specific pathological processes characteristic of 
Alzheimer's disease. This is a common feature of all four groups 
of tau derived proteins. Further common features of all groups 
are an N- and C- terminal trunctaions, their intra- and extraneu- 
ronal localisation and functional distinction from normal, 
healthy tau. 

The group of molecules designated 'type IA' is described by the 
examples SEQ ID 1-3. These truncated tau molecules differ from 
normal tau in acting as key (central), active units, and driving 
force for interaction of pathological tau and normal tau . Type 
IA as well as type IB molecules do not have any promoting activ- 
ity in microtubule assembly which appears to be caused by a lack 
of binding to microtubules. Surprisingly type IA is able to -pre- 





vent normal tau from promoting microtubule assembly (Example 1) . 
Despite of similar primary sequence features and molecular 
masses, type IB, does not show this functional activity in vitro 
(Example 2) . This is suggestive for a strong binding activity of 
type IA to normal healthy tau isoforms and thereby providing a 
dominant negative effect on tau physiology. Type IA molecules are 
therefore most likely responsible for continuous, chronic deple- 
tion of neurons from functional tau protein and for taking part 
in neurofibrillary structures which directly correlate with the 
clinical severeness of Alzheimer's disease. Unexpectedly, type IB 
(e.g. SEQ.ID.NO: 4-10), despite having similar molecular mass and 
sequences as the type IA group of molecules, display none of 
pathological activities of group IA members (see Example 2) . As 
opposed to these groups, type IIA double truncated tau deriva- 
tives bind microtubules and promote their assembly significantly 
higher than normal healthy tau isoforms (Example 3) . In the fol- 
lowing Type IIA promoted microtubules are referred to as 'patho- 
logical microtubules'. Surprisingly molecules with similar 
sequences and ranges of molecular weights (Type IIB) are lacking 
these high microtubule' polymerisation capabilities. In microtu- 
bule assembly assays they perform to the levels seen with full 
length tau protein ( see Example 3) . 

N- and C- terminally truncated tau derivatives of both groups 
(type IIA and B) interfere at the cellular level with axonal 
transport leading to synaptic loss which ultimately results in 
neuronal dysfunction and cognitive impairment in Alzheimer's dis- 
ease patients. Simultaneously, afflicted neurons are vulnerable 
to various forms of stress such as oxidative stress (Example 4). 
Type IIB despite of having similar molecular sizes than type IIA 
additionally promote microtubule assembly to levels seen for full 
length healthy tau (wild type tau) . 

In a further preferred embodiment of the type IA and -B and type 
IIA and B molecules of the invention the recombinant versions of 
said molecules can be obtained by carrying out the following 
steps : 

(a) Construction of a recombinant prokaryotic expression plasmids 
carrying coding sequences for said double truncated tau molecules 



(type I and II) 

(b) growth of bacteria under conditions allowing expression an N- 
and C-terminally double truncated tau molecules (type I and II) 

(c) coll "g <i f bacteria by centr ifugation 

(d) resuspending the bacterial pellet from 500 ml cultivation in 
buffer A : (20 mM PIPES pH 6,9, 50mM NaCl, ImM EGTA, ImM MgS0 4 , 
2mM DTT, 0,1 mM PMSF) 

(e) sonication on ice for 1 min (3 times) centrifugation at 45 
000 rpm, 15 min at +2°C (rotor TLA-120,2, Beckmann Optima TLX) 

(f) chromatography on Phosphocellulose, or MONO S HR 5/5 or 5 ml 
HiTrap SP Sepharose HP column in linear gradient 0-1M NaCl in 
buffer "A" identifying the obtained proteins by SDS-PAGE and 
Western blot analysis | 

In a preferred embodiment of the invention, said type IA group of 
N- and C-terminally double truncated members comprises the fol- 
lowing amino acid sequences: 

Derivatives from four repeat tau (tau 43) will be labeled R4 



SEQ ID NO: 1 (239-333, R4) 

ile lys his val pro gly gly gly ser 
val asp leu ser lys val thr ser lys 
his his lys pro gly gly gly gin val 
asp phe lys asp arg val gin ser lys 
thr his val pro gly gly gly asn lys 
thr phe arg glu asn ala lys ala lys 
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SEQ ID NO: 2 (237-333, R4) 

asp asn ile lys his val pro gly gly gly ser- val gin ile val tyr 
lys pro val asp leu ser lys val thr ser lys cys gly ser leu gly 
asn ile his his lys pro gly gly gly gin val glu val lys ser glu 
lys leu asp phe lys asp arg val gin ser lys ile gly ser leu asp 
asn ile thr his val pro gly gly gly asn lys lys ile glu thr his 
lys leu thr phe arg glu asn ala lys ala lys thr asp his gly ala 
glu 



SEQ ID NO: 3 (239-318, R4) 
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ile lys his val pro gly gly gly ser val gin ile val tyr lys pro 
val asp leu ser lys val thr ser lys cys gly ser leu gly asn ile 
his his lys pro gly gly gly gin val glu val lys ser glu lys leu 
asp phe lys asp arg val gin ser lys ile gly ser leu asp asn ile 
thr his val pro gly gly gly asn lys lys ile glu thr his lys leu 

In a preferred embodiment of the invention, said type IB group of 
N- and C-terminally double truncated members comprises the fol- 
lowing amino acid sequences: 

SEQ ID NO: 4 (239-326, R4) 

ile lys his val pro gly gly gly ser val gin ile val tyr lys pro 

val asp leu ser lys val thr ser lys cys gly ser leu gly asn ile 

his his lys. pro gly gly gly gin val glu val lys ser glu lys leu 

asp phe lys asp arg val gin ser lys ile gly ser leu asp asn ile 

thr his val pro gly gly gly asn lys' lys ile glu thr his lys leu 
thr phe arg glu asn ala lys ala 

SEQ ID NO: 5 (239-328, R4) 

ile lys his val pro gly gly gly S er val gin ile val tyr lys pro 

val asp leu ser lys val thr ser lys cys gly ser leu gly asn ile 

his his lys pro gly gly gly g i n V al glu val lys ser glu lys leu 

asp phe lys asp arg val gin ser lys ile gly ser leu asp asn ile 

thr his val pro gly gly gly asn lys lys ile glu thr his -lys leu 

thr phe arg glu asn ala lys ala lys thr. 

SEQ ID NO: 6 (239-331, R4) 

ile lys his val pro gly gly gly ser val gin ile val tyr lys pro 
val asp leu ser lys val thr ser lys cys gly ser leu gly asn ile 
his his lys pro gly gly gly gin val glu val lys ser glu lys leu 
asp phe lys asp arg val gin ser lys ile gly ser leu asp asn ile 
thr his val pro gly gly gly asn lys lys ile glu thr his lys leu 
thr phe arg glu asn ala lys ala lys thr asp his gly 



SEQ ID NO: 7 (239-334,R4) 
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ile lys his val pro gly gly gly 


ser 


val 


gin ile val 


tyr 


lys pro 
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his 


gly 


ala 


glu 


ile 


SEQ 


ID NO I o IZJy-j'lU, R4 ) 
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SEQ 


ID NO: 9 (239-343, R4) 
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leu 


asp 


asn 


ile 


thr 


his val pro gly gly gly 


asn 


lys 


lys 


ile 


glu 


thr 


his 


lys 


leu 


thr 


phe arg glu asn ala lys 
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ala 


glu 


ile 
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tyr lys ser pro val val 


ser 


gly 

















Derivatives from three repeat tau (tau 44) will be labeled R3 



SEQ ID NO: 10 (208-302, R3) 

leu lys his gin pro gly gly gly lys val gin ile val tyr lys pro 

val asp leu ser lys val thr ser lys cys gly ser leu gly asn ile 

his his lys pro gly gly gly gin val glu val lys ser glu lys leu 

asp phe lys asp arg val gin ser lys ile gly ser leu asp asn ile 

thr his val pro gly gly gly asn lys lys ile glu thr his lys leu 

thr phe arg glu asn ala lys ala lys thr asp his gly ala glu 



There may be one -or more epitopes of tau protein which specif i- 
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cally occur in type IA or type IIA members in N- and c- terminally 
double truncated diseased forms of tau proteins. 

In the present embodiment of the invention, said epitopes are 
specifically located within the primary structure of type IA (SEQ 
ID 1-3) and type IIA (SEQ ID 11-18) group members and their num- 
ber, heterogeneity and specificity depends on and is added by 
specific structural conformation of each individual group member. 
Therefore the singularity of each molecule is not solely based on 
its primary structure together with its effects on microtubule 
assembly, but also on its secondary and ternary structure which 
makes up its epitopes . Some of them can form particularly impor- 
tant "conformational regions" contributing significantly to the 
activity of said molecules. 

The term "conformational region" as used herein refers to epi- 
topes clustered to one region of molecule contributing to its ac- 
tivity. 

In a particularly preferred embodiment the conformational region 
encompassed in type I and type II molecules comprising amino ac- 
ids w ile lys his val pro gly gly gly ser val gin ile val tyr lys 
pro val asp leu ser lys val thr ser lys cys gly ser leu" is cor- 
responding to residues 239-267 (SEQ ID NO: 1-9 and 11-14,19 R4) 
and comprising amino acids "val gin ile val tyr lys pro val asp 
leu ser lys val thr ser lys cys gly ser leu" corresponding to 
residues 217-236 (SEQ ID NO: 10,15-18,20 R3) was designated se- 
quence A. 

In still another preferred embodiment of the invention said epi- 
topes in said conformational region were identified and their 
relative contribution determined by deletion mutagenesis . The 
significance of all these epitopes and their relationship to 
function on microtubules are demonstrated by the mutant forms 
which showed that they are contributing at various extent to the 
activity of type IA molecules (Example 5) . These individual epi- 
topes comprise the following amino acid sequences: 

A: ile lys his val pro gly gly gly ser val gin ile val tyr lys 
pro val asp leu ser lys val thr ser lys cys gly ser leu 
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(corresponding to residues 239-267 in SEQ ID NO: 1-9 and 11- 
14,19) . The epitope deletion mutant has SEQ ID NO: 21 (268- 
333,R4;del 239-267) 

■gjy-ggn JJe._hig_h_is_ lys pro ply gly gly gin val glu val ly s ser 
glu lys leu asp phe lys asp arg val gin ser lys ile gly ser leu 
asp asn ile thr his val pro gly gly gly asn lys lys ile glu thr 
his lys leu thr phe arg glu asn ala lys ala lys thr asp his gly 
ala glu 

Al: iie lys his val pro gly gly gly ser 

(corresponding to residues 239-247 in SEQ ID NO: 1-9 and 11- 
14,19). The deletion mutant has SEQ ID NO: 22 (248-333, R4;del 
239-247) 

val gin ile val tyr lys pro val asp leu ser lys val thr ser lys 
cys gly ser leu gly asn ile his his lys pro gly gly gly gin val 
glu val lys ser glu lys leu asp phe lys asp arg val gin ser lys 
ile gly ser leu asp asn ile thr his val pro gly gly gly asn lys 
lys ile glu thr his lys leu thr phe arg glu asn ala lys ala lys 
thr asp his gly ala glu 

A2: ile lys his val pro gly gly gly ser val gin ile val tyr lys 
pro val asp leu 

(corresponding to residues 239-257 in SEQ ID NO: 1-9 and 11- 
14,19). The deletion mutant has SEQ ID NO: 23 (258-333, R4;del 
239-257) 

ser lys val thr ser lys cys gly ser leu gly asn ile his his lys 
pro gly gly gly gin val glu val lys ser glu lys leu asp phe lys 
asp arg val gin ser lys ile gly ser leu asp asn ile thr his val 
pro gly gly gly asn lys lys ile glu thr his lys leu thr phe arg 
glu asn ala lys ala lys thr asp his gly ala glu 

A3: ile lys his val pro gly gly gly ser val gin ile val tyr lys 
pro val asp leu ser lys val thr ser 

(corresponding to residues 239-262 in SEQ ID NO: 1-9 and 11- 
14,19). The deletion mutant has SEQ ID NO: 24 (263-333, R4;del 
239-262) 

lys cys gly ser leu gly asn ile his his lys pro gly gly gly gin 
val glu val lys ser glu lys leu asp phe lys asp arg val gin ser 
lys ile gly ser leu asp asn ile thr his val pro gly gly gly asn 
lys lys ile glu thr his lys leu thr phe arg glu* asn ala lys ala 



lys thr asp his gly ala glu 
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A4: ser val gin ile val tyr lys pro val asp leu ser lys val thr 
ser 

(corresponding to residues 246-262 in SEQ ID NO: 1-9 and 11- 
14,19) . 

The epitope deletion mutant has SEQ ID NO: 25 (239-333, R4;del 
248-262) 

ile lys his val pro gly gly gly lys cys gly ser leu gly asn ile 
his his lys pro gly gly gly gin val glu val lys ser glu lys leu 
asp phe lys asp arg val gin ser lys ile gly ser leu asp asn ile 
thr his val pro gly gly gly asn lys lys ile glu thr his lys leu 
thr phe arg glu asn ala lys ala lys thr asp his gly ala glu 

A5: asp leu ser lys val thr ser 

corresponding to residues 256-262 in SEQ ID NO: 1-9 and 11-14,19, 

and to residues 225-231, R3 SEQ ID NO:10, 15-18,20 

The epitope deletion mutant has SEQ ID NO: 26 (239-333 ,R4;del 

256-262) 

ile lys his val pro gly gly gly ser val gin ile val tyr lys pro 
val lys cys gly ser leu gly asn ile his his lys pro gly gly gly 
gin val glu val lys ser glu lys leu asp phe lys asp arg val gin 
ser lys ile gly ser leu asp asn ile thr his val pro gly gly gly 
asn lys lys ile glu thr his lys leu thr phe arg glu asn ala lys 
ala lys thr asp his gly ala glu 

A6: lys cys gly ser leu corresponding to residues 263-267 in SEQ 
ID NO: 1-9 and 11-14,19 and to residues 232-236, R3 in SEQ ID NO: 
10, 15-18,20 

The epitope deletion mutant has SEQ ID NO: 27 (239-333, R4;del 
263-267) 

ile lys his val pro gly gly gly ser val gin ile val tyr lys pro 
val asp leu ser lys val thr ser gly asn ile his his lys pro gly 
gly gly gin val glu val lys ser glu lys leu asp phe lys asp arg 
val gin ser lys ile gly ser leu asp asn ile thr his val pro gly 
gly gly asn lys lys ile glu thr his lys leu thr phe arg glu asn 
ala lys ala lys thr asp his gly ala glu 

Again it is to be understood that not all of the amino acids of 



the peptide necessarily contribute to the specific site actually 
recognised by specific antibodies. 



.RL &. JB£@f^ ^tLhe^in^XLtlon.,, jsaid.typ.e..X^^diseased- 

tau proteins have the following properties : 

a) the proteins are N- and C-terminally truncated (Example 6) 

b) the proteins are present in Alzheimer's diseased tissue 
whereas the proteins are absent in normal healthy brain (Example 
6) 

c) in an in vitro microtubule assembly assay they prevent normal 
tau protein from promoting microtubule assembly (Examples 7) 

d) in a microtubule assembly assay using normal tau, their in- 
hibitory activity can be eliminated by specific inhibitory, neu- 
tralising monoclonal antibodies (Example 11) 

e) their pathologic activity relies on combination of the amino 
acid sequence and structural conformations not present in normal 
healthy tau (Example 6) 

f) the proteins appear to be are conf ormationally different from 
normal tau proteins (Example 6) 

In a most preferred embodiment the present invention relates to 
type IA group of N- and C-terminally truncated diseased tau forms 
SEQ ID NO 1-3 and their "conformational region*' (sequence "A") 
and epitopes. A1-A6 . ^ 

Type IB tau proteins differ with respect to the following proper- 
ties: 

a) Type IB proteins are N- and C-terminally truncated (Example 6) 

b) the proteins may be present in normal healthy human brain 

c) in an in vitro microtubule assembly assay they do not prevent 
normal tau protein from promoting microtubule assembly (Examples 
2 and 7 , resp . ) 

d) they do not show pathologic activity in modification of micro- 
tubule assembly (Examples 2 and 7, resp.). 

e) type IB molecules appear to be are conf ormationally different 
from normal tau (Example 6) . 

Another embodiment of the present invention is the combination of 
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the presented approach comprising various extraction methods, 
many of them per se known in the art, combined with functional 
assays with the mentioned double truncated forms of tau leading 
to the identification of further molecules affecting tau and mi- 
crotubule functions. The yield of tau protein from brain extract 
may vary in functionality of extracted N- and C-terminally double 
truncated tau molecules depending on the staging of the particu- 
lar brain tissue sample (Example 6) . The person skilled in the 
art knows how to employ the method of the present invention for a 
variety of different purposes which all fall under the scope of 
protection of the present invention. 

In another preferred embodiment the present invention relates es- 
pecially to SEQ ID NO: 1 as a prototype type IA molecule group 
member . 

Still another object of the invention is to provide a method for 
the in vitro conversion of normal tau protein into Alzheimer pro- 
tein wherein normal tau protein is incubated with a type IA mole- 
cule of the present invention under conditions which allow the 
interaction of said normal tau with said type IA molecule. 

The term "allowing the interaction of type IA molecules or pep- 
tide derivatives thereof with normal tau" refers to conditions 
which allow the activity, preferably the optimal activity, of 
type IA molecules. This activity results in binding to normal 
healthy tau isoforms and inhibiting its physiological function as 
exemplified by its capability of promoting microtubule assembly. 

In another embodiment type IA molecules could be inhibited or 
neutralised by derivatives thereof. As described in the present 
invention for screening inhibitory molecules, type IA peptides 
and derivatives thereof such as peptides containing deletions or 
mutations can be tested or screened for their effects on microtu- 
bule polymerisation. 

Normal tau protein may be derived from natural or recombinant 
sources. However for the purpose of carrying out the method of 
the present invention, it is expedient to use recombinant mate- 
rial. 
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The methods described above specifically provide sufficient 
amounts of type IA N- and C-terminally double truncated tau pro- 
... teins for a jyarl^ 
new inhibitors may be established which prevents the inhibition 
of microtubule assembly caused by pathological, double truncated 
tau type IA. - 

An inhibitor useful in the composition of the present invention 
is therefore any inhibitor capable of modulating the pathological 
interaction of type IA molecules with normal tau. The mode of ac- 
tion of such an inhibitory molecule consists of an interaction 
with either type IA or normal tau. 

These 'inhibitors' may be specific for the epitope or epitopes 
encompassed in type IA molecules, by e.g. blocking the epitope or 
may be directed to various domains on type IA molecules, as long 
as they prevent or disturb its pathological or biological activ- 
ity. The inhibitory effect can be defined quantitatively by meas- 
uring residual microtubule assembly promoting activity by normal 
tau. As a source of inhibitors can be used libraries of small 
molecules of defined chemical structure and composition, peptide 
libraries, antibody libraries free in the solution or displayed 
on the surface of synthetic surfaces of phages or .bacteria or ri- 
bosomes (ribosomal display) and similar technologies known in thd 
art. \ 

A further object of the invention is to provide a method for 
testing molecules and compounds effective in disassembling type 
IA complexes (type I in vitro assay) comprising the following 
steps: 

a) allowing the formation of protein complexes between type IA 
molecules or peptides derived therof and normal tau isoforms or 
other molecules interacting with type IA molecules 

b) incubating the protein complexes with drug to be tested 
examining the result of the incubation of step (b) with respect 
to the restoration of the microtubule assembly promoting capacity 
of the healthy tau isoforms. 
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Still another object of the invention is to provide a method for 
testing drugs effective in the prevention or reduction of the in- 
hibition of normal in vitro activity of healthy tau isoforms com- 
prising the following steps: 

a) A given drug to be tested in combination with type IA mole- 
cules or peptides derived thereof is expected not to interfere 
with normal tau and its in vitro functions. 

b) . Incubation of a type IA molecule with a drug to be tested in 
the presence of normal tau and tubulin 

c) Examining the result of the incubation of step a) and b) with 
respect to the presence or absence of inhibiting activity of type 
IA molecules on microtubule polymerisation (Example 8) . 

The term "allowing the formation of complexes between type IA 
molecules or peptides derived thereof and normal tau isoforms" in 
the absence of said drug refers to condition which allows inter- 
action of type IA molecule with said normal tau isoforms result- 
ing in inhibition of microtubule formation. 

The person skilled in the art knows how to employ the method of 
the present invention for a variety of different purposes which 
all fall under the scope of protection of the present invention. 

In a further aspect/ the present invention relates to a method 
for testing drugs effective in inhibiting type IA molecules from 
initiating the formation of complexes in a cellular system ex- 
pressing tau or tau derived proteins (type I cellullar assay) 
comprising the following steps: 

a) introducing a functional gene encoding type IA molecules under 
the control of suitable regulatory regions into a cell expressing 
normal tau protein 

b) allowing the formation of protein complexes between type IA 
tau and normal tau molecules 

c) applying the drug to be tested to the cells harboring said 
complexes 

examining the effect of said drug on type IA biological activity 
such as structural and functional modifications of microtubules. 



The term 'cell expressing tau protein' as used in step (a), re- 
fers to cells which have the capacity to express N- and C-termi- 
nally double truncated tau forms from a gene construct encoding a 
type IA molecule or a derivative thereof". The person " skilled in 
the art is aware of the fact that the sequence of experimental 
steps of the introduction of the genes encoding the type IA mole- 
cules is irrelevant for the purpose of the method of the inven- 
tion. 

Said method is particularly advantageous since the screening sys- 
tem is based on the continuously growing cell lines which provide 
a close image of the in vivo situation. Moreover, ample supply of 
type IA molecules located intracellularly allows screening for 
drugs effective in inhibiting the biological effects of type IA 
molecules. . . 

In a preferred embodiment said cell expressing type IA molecules 
is a neuroblastoma, or pheochromocytoma cell or a primary culture 
of nerve cells derived from transgenic animal expressing type IA 
molecules. 

The group of molecules designated 'type II' consists of N- an C- 
terminally double truncated tau protein molecules .(e.g. sequences 
described in SEQ ID 11-20). Representatives of this group local- * 
ise intra- and extraneuronally and are functionally different \ 
from normal, healthy tau. 

The discovery^ and isolation of this group of proteins underlying 
the present invention provides (1) a molecular description and 
characterisation of tau modifications leading to specific micro- 
tubule binding and abnormal promotion of microtubule assembly 
(Example 3) with pathological consequences to its carrier (Exam- 
ple 4), (2) antibodies specific for the protein epitopes and (3) 
antibodies neutralising pathological activities of said type II 
molecules (Example 12), (4) methods for screening and testing 
therapeutic drug candidates effective in inhibiting, neutralising 
and eliminating said type II proteins or (5) methods screening 
and testing therapeutic drug candidates effective in inhibiting 
formation* of "tau derived proteins such as type II molecules* (6) 
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the development of animal models bearing gene constructs encoding 
for the respective N- and C-terminally double truncated tau pro- 
teins as a transgene or transgene-combinations which can be used 
for drug screening (7) pharmaceutical compositions comprising in- 
hibitors to said double truncated tau proteins and their prote- 
ases, (8) diagnostic and therapeutic compositions 
recognising/interacting with said molecules, (9) the development 
of vaccines based on said double truncated proteins (10) methods 
involving said proteins and their epitopes and/or antibodies or 
other specific probes for in vitro and in vivo diagnosis of Alz- 
heimer's disease and other disorders related to pathological 
changes of tau . 



As opposed to the groups type IA and B, type IIA molecules pro- 
mote microtubule assembly significantly higher than normal 
healthy tau isoforms (see Examples 1 and 3, resp.). Surprisingly 
a subgroup of N- and C-terminally double truncated tau molecules 
with similar sequences and ranges of molecular weights (type IIB) 
are lacking these high microtubule polymerisation capabilities, 
in microtubule assembly assays, this subgroup of molecules per- 
forms to the levels seen with full length tau protein (Example 
3) • 

Accordingly, the present invention relates to a new type of modi- 
fied tau protein found in Alzheimer's disease, called type IIA. 
group of tau proteins. The group consist of N- and C- terminally 
double truncated tau molecules (SEQ id 11-18) . 

The term type II molecules refers to members of the group sig- 
nificantly different in structure and function not only from nor- 
mal healthy tau but from type IA and -B tau group as well! 
Molecules of this subgroup bind microtubules and promote their in 
vitro assembly significantly more pronounced than normal healthy 
tau isoforms (Example 3) . Type IIA N- and C-terminally double 
truncated tau molecules interfere at the cellular level with ax- 
onal transport of constituents leading to synaptic loss and neu- 
ronal malfunction ultimately leading to cognitive impairment of 
the whole organism in Alzheimer's disease neurons and under ex- 
perimental conditions (Examples 15 and 16, resp.). Simultane- 
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ously, afflicted neurons are vulnerable to various forms of 
stress such as for example oxidative stress (Example 4) . 

In_a_ preferred embodime nt of jthe invention, sai d type JIA group 
of N- and C-terminally double truncated members comprises the 
amino acid sequences: 

Derivatives from four repeat tau (tau 43) are labeled R4 



SEQ ID NO: 11 (69-333, R4) 
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asn ile his his lys pro gly gly 
lys leu asp phe lys asp arg val 
asn ile thr his val pro gly gly 
lys leu thr phe arg glu asn ala 
glu 



gly gin val glu val lys ser glu 
gin ser lys ile gly ser leu asp 
gly asn lys lys ile glu thr his 
lys ala lys thr asp his gly ala 



SEQ ID NO: 13 (69-363, R4) 
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pro 


oro 


ala 


pro 


lys 


thr 


pro 


ser 


crlv 


asp 


arcr 


ser 


crly 

23 J 


tyr 


ser 


g±y 




a,x y 


p CI 




thr 




ser 


pro 


lys 


lys 


val 


ala 


val 


val 


arg 


ala 


lys 


ser 


arg 


leu 


gin 


thr 


ala 


asn 


val 


lys 


ser 


lys 


ile 


gly 


ser 


gly 


gly 


gly 


lys 


val 


gin 


ile 


ile 


val 


gin 


ser 


lys 


cys 


gly 


ser 


lys 


gly 


gly 


ser 


val 


gin 


ile 


val 


tyr 


thr 


ser 


lys 


cys 


gly 


ser 


leu 


gly 


gly 


gin 


val 


glu 


val 


lys 


ser 


glu 


gin 


ser 


lys 


ile 


giy 


ser 


leu 


asp 


gly 


asn 


lys 


lys 


ile 


glu 


thr 


his 


lys 


ala 


lys 


thr 


asp 


his 


giy 


ala 


val 


ser 


gly 


asp 


thr 


ser 


pro 


arg 


gly 


ser 


ile 


asp 


met 


val 


asp 





SEQ ID NO: 14 (93-363 ,'114) 



ile 


ala 


thr 


pro 


arg 


gly ala 


ala 


asn 


ala 


thr 


arg 


ile 


pro 


ala 


lys 


pro 


ser 


ser 


giy 


glu 


pro 


pro 


lys 


ser 


pro 


giy 


ser 


pro 


gly thr 


pro 


leu 


pro 


thr 


pro 


pro 


thr 


arg 


glu 


thr 


pro 


pro 


lys 


ser 


pro 


ser 


ser 


pro 


val 


pro 


met 


pro 


asp 


leu 


lys 


thr 


glu 


asn 


leu 


lys 


his 


gin 


pro 


asn 


lys 


lys 


leu 


asp 


leu 


ser 


asn 


asp 


asn 


ile 


lys 


his 


val 


pro 


gly 


lys 


pro 


val 


asp 


leu 


ser 


lys 


val 



thr gly ser asp asp lys lys ala 
ile ala thr pro arg gly ala ala 
asn ala thr arg ile pro ala lys 
pro ser ser gly glu pro pro lys 
ser pro gly ser pro gly thr pro 
leu pro thr pro pro thr arg glu 
thr pro pro lys ser pro ser ser 
pro val pro met pro asp leu lys 
thr glu asn leu lys his gin pro 
asn lys lys leu asp leu ser asn 
asp asn ile lys his val pro gly 
lys pro val asp leu ser lys val 
asn ile his his lys pro gly gly 
lys leu asp phe lys asp arg val 
asn ile thr his val pro gly gly 
lys leu thr phe arg glu asn ala 
glu ile val tyr lys ser pro val 
his leu ser asn val ser ser thr 



pro pro gly gin lys gly gin ala 
thr pro pro ala pro lys thr pro 
ser gly asp arg ser gly tyr ser 
gly ser arg ser arg thr pro ser 
pro lys lys val ala val val arg 
ala lys ser arg leu gin thr ala 
asn val lys ser lys ile gly ser 
gly gly gly lys val gin ile ile 
val gin ser lys cys gly ser lys 
gly gly ser val gin ile val tyr 
thr ser lys cys gly ser leu gly 
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asn ile his his lys pro gly gly gly gin val glu val lys ser glu 
lys leu asp phe lys asp arg val gin ser lys ile gly ser leu asp 
asn ile thr his val pro gly gly gly asn lys lys ile glu thr his 
lys leu _thr phe arg glu asn_ala_lys ala _lys_thr_asp J^jrlyjila 
glu ile val tyr lys ser pro val val ser gly asp thr ser pro arg 
his leu ser asn val ser ser thr gly ser ile asp met val asp 

Derived from three repeat tau (tau 44) are labeled R3 



SEQ ID NO: 15 (93-302 ,R3) 



ile 


ala 


thr 


pro 


arg 


gly 


ala 


ala pro pro gly gin lys 


gly gin ala 


asn 


ala 


thr 


arg 


ile 


pro 


ala 


lys thr pro pro ala pro 


lys thr 


pro 


pro 


ser 


ser 


gly 


glu 


pro 


pro 


lys ser gly asp arg ser 


gly tyr 


ser 


ser 


pro 


gly 


ser 


pro 


gly 


thr 


pro gly ser arg ser arg 


thr pro 


ser 


leu 


pro 


thr 


pro 


pro 


thr 


arg 


glu pro lys lys val ala 


val val 


arg 


thr 


pro 


pro 


lys 


ser 


pro 


ser 


ser ala lys ser arg leu 


gin thr 


ala 


pro 


val 


pro 


met 


pro 


asp 


leu 


lys asn val lys ser lys 


ile gly ser 


thr 


glu 


asn 


leu 


lys 


his 


gin 


pro gly gly gly lys Val 


gin ile 


val 


tyr 


lys 


pro 


val 


asp 


leu 


ser 


lys val thr ser lys cys 


gly ' ser 


leu 


gly asn 


ile 


his 


his 


lys 


pro 


gly gly gly gin val glu 


val lys 


ser 


glu 


lys 


leu 


asp 


phe 


lys 


asp 


arg val gin ser lys ile 


gly ser 


leu 


asp 


asn 


ile 


thr 


his 


val 


pro 


gly gly gly asn lys lys 


ile glu 


thr 


his 


lys 


leu 


thr 


phe 


arg 


glu 


asn ala lys ala lys thr 


asp his 


gly 



ala glu 



SEQ ID NO: 16 (69-302, R3) 



met 


val 


ser 


lys 


ser 


lys 


asp 


giy 


lys 


gly 


ala 


asp 


giy 


lys 


thr 


lys 


pro 


pro 


gly 


gin 


lys 


giy 


gin 


ala 


thr 


pro 


pro 


ala 


pro 


lys 


thr 


pro 


ser 


giy 


asp 


arg 


ser 


giy 


tyr 


ser 


gly 


ser 


arg 


ser 


arg 


thr 


pro 


ser 


pro 


lys 


lys 


val 


ala 


val 


val 


arg 


ala 


lys 


ser 


arg 


leu 


gin 


thr 


ala 


asn 


val 


lys 


ser 


lys 


ile 


giy 


ser 


gly gly 


gly 


lys 


val 


gin 


ile 


val 


val 


thr 


ser 


lys 


cys 


giy 


ser 


leu 


gly gly 


gin" 


val 


aru 


val 


lys 


"ser 



thr gly ser asp asp lys lys ala 
ile ala thr pro arg gly ala ala 
asn ala thr arg ile pro ala lys 
pro ser ser gly glu pro pro lys 
ser pro gly ser pro gly thr pro 
leu pro thr pro pro thr arg glu 
thr pro pro lys ser pro ser ser 
pro val pro met pro asp leu lys 
thr glu asn leu lys his gin pro 
tyr lys pro val asp leu ser lys 
gly asn ile his his lys pro gly 
glu lys leu -asp phe lys asp arg 
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val gin ser lys ile gly ser leu asp asn ile thr his val pro gly 
gly gly asn lys lys ile glu thr his lys leu thr phe arg glu asn 
ala lys ala lys thr asp his gly ala glu 



SEQ ID NO: 17 (93-332, R3) 



ile ala 


thr 


pro 


arg 


gly ala 


ala 


asn ala 


thr 


arg 


ile 


pro 


ala 


lys 


pro ser 


ser 


gly 


glu 


pro 


pro 


lys 


ser pro 


gly 


ser 


pro 


gly thr 


pro 


leu pro 


thr 


pro 


pro 


thr 


arg 


glu 


thr pro 


pro 


lys 


ser 


pro 


ser 


ser 


pro val 


pro 


met 


pro 


asp 


leu 


lys 


thr glu 


asn 


leu 


lys 


his 


gin 


pro 


tyr lys 


pro 


val 


asp 


leu 


ser 


lys 


gly asn 


ile 


his 


his 


lys pro 


gly 


glu lys 


leu 


asp 


phe 


lys 


asp 


arg 


asp asn 


ile 


thr 


his 


val 


pro 


gly 


his lys 


leu 


thr 


phe 


arg glu 


asn 


ala glu 


ile 


val 


tyr 


lys 


ser 


pro 


arg his 


leu 


ser 


asn 


val 


ser 


ser 


SEQ ID NO: 18 (69-332, R3) 




met val 


ser 


lys 


ser 


lys 


asp 


giy 


lys gly 


ala 


asp 


gly 


lys 


thr 


lys 


pro pro 


gly 


gin 


lys 


gly 


gin 


ala 


thr pro 


pro 


ala 


pro 


lys 


thr 


pro 


ser gly 


asp 


arg 


ser 


gly 


tyr 


ser 


gly ser 


arg 


ser 


arg 


thr 


pro 


ser 


pro lys 


lys 


val 


ala 


val 


val 


arg 


ala lys 


ser 


arg 


leu 


gin 


.thr 


ala 


asn val 


lys 


ser 


lys 


ile 


gly 


ser 


gly gly 


gly 


lys 


val 


gin 


ile 


val 


val thr 


ser 


lys 


cys 


gly 


ser 


leu 


gly gly 


gin 


val 


glu 


val 


lys 


ser 


val gin 


ser 


lys 


ile 


gly 


ser 


leu 


gly gly 


asn 


lys 


lys 


ile 


glu 


thr 


ala lys 


ala 


lys 


thr 


asp 


his 


giy 


val val 


ser 


gly 


asp 


thr 


ser 


pro 


thr gly 


ser 


ile 


asp 


met 


val 


asp 



pro pro gly gin lys gly gin ala 
thr pro pro ala' pro lys thr pro 
ser gly asp arg ser gly tyr ser 
gly ser arg ser arg thr pro ser 
pro lys lys val ala val val arg 
ala lys ser arg leu gin thr ala 
asn val lys ser lys ile gly ser 
giy giy giy lys val gin ile val 
val thr ser lys cys gly ser leu 
gly gly gin val glu val lys ser 
val gin ser lys ile gly ser leu 
gly gly asn lys lys ile glu thr 
ala lys ala lys thr asp his gly 
val val ser gly asp thr ser pro 
thr gly ser ile asp met val asp 

thr gly ser asp asp lys lys ala 
ile ala thr pro arg gly ala ala 
ash ala thr arg ile pro ala lys 
pro ser ser gly glu pro pro lys 
ser pro gly ser pro gly thr pro 
leu pro thr pro pro thr arg glu 
thr pro pro lys ser pro ser ser 
pro val pro met pro asp leu lys 
thr glu asn leu lys his gin pro 
tyr lys pro val asp leu ser lys 
gly asn ile his his lys pro gly 
glu lys leu asp phe lys asp arg 
asp asn ile thr his val pro gly 
his lys leu thr phe arg glu asn 
ala glu ile val tyr lys ser pro 
arg his leu ser asn val ser ser 



In a preferred embodiment of the invention, said type II B group 
of N- and C-terminally double truncated members comprises the 
amino acid sequences: 



SEQ ID NO: 19 (6-378, R4) 
gin glu phe glu val met glu asp 
asp arg lys asp gin gly gly tyr 
asp thr asp ala gly leu lys ala 
pro ser leu glu asp glu ala ala 
val ser lys ser lys asp gly thr 
gly ala asp gly lys thr lys ile 
pro gly gin lys gly gin ala asn 
pro pro ala pro lys* thr pro pro 
gly asp arg ser gly tyr ser ser 
ser arg ser arg thr pro ser leu 
lys lys val ala val val arg thr 
lys ser arg leu gin thr ala pro 
val lys ser lys ile gly ser thr 
gly gly lys val gin ile ile asn 
gin ser lys cys gly ser lys asp 
gly ser val gin ile val tyr lys 
ser lys cys gly ser leu gly asn 
gin val glu val lys ser glu lys 
ser lys ile gly ser leu asp asn 
asn lys lys ile glu thr his lys 
ala lys thr asp his gly ala glu 
ser gly asp thr ser pro arg his 
ser ile asp met val asp ser pro 
val ser ala ser leu 



his ala gly 


thr 


tyr 


gly 


leu gly 


thr met his 


gin 


asp 


gin 


glu gly 


glu glu ala 


gly 


ile 


gly 


asp thr 


gly his val 


thr 


gin 


ala 


arg met 


gly ser asp 


asp 


lys 


lys 


ala lys 


ala thr pro 


arg 


gly 


ala 


ala pro 


ala thr arg 


ile 


pro 


ala 


lys thr 


ser ser gly 


glu 


pro 


pro 


lys ser 


pro gly ser 


pro 


gly 


thr. 


pro gly 


pro thr pro 


pro 


thr 


arg 


glu pro 


pro pro lys 


ser 


pro 


ser 


ser ala 


val pro met 


pro 


asp 


leu 


lys asn 


alu asn leu 


lys 


his 


gin 


pro gly 


lys lys leu 


asp 


leu 


ser 


asn val 


asn ile lys 


his 


val 


pro 


gly gly 


pro val asp 


leu 


ser 


lys 


val thr 


ile his his 


lys 


pro 


gly 


gly giy 


leu asp phe 


lys 


asp 


arg 


val gin 


ile thr his 


val 


pro 


giy 


giy giy 


leu thr phe 


arg 


glu 


asn 


ala lys 


ile val tyr 


lys 


ser 


pro 


val val 


leu ser asn 


val 


ser 


ser 


thr gly 


gin leu ala 


thr 


leu 


ala 


asp glu 



SEQ ID NO: 20 ( 6-347, R3) 

gin glu phe glu val met glu asp 

asp arg lys asp gin gly gly tyr 

asp thr asp ala gly leu lys ala 

pro ser leu glu asp glu ala ala 

val ser lys ser lys asp gly thr 

gly ala asp gly lys thr lys ile 

pro pro gly gin lys gly gin ala 



his ala gly 


thr 


tyr 


giy 


leu gly 


thr met his 


gin 


asp 


gin 


glu gly 


glu glu ala 


giy 


ile 


giy 


asp thr 


gly his val 


thr 


gin 


ala 


arg met 


gly ser asp 


asp 


lys 


lys 


ala lys 


ala thr pro 


arg 


giy 


ala 


ala 


asn ala thr 


arg 


ile 


pro 


ala lys 
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thr 


pro 


pro 


ala 


pro 


lys 


thr 


pro 


pro 


ser ser 


gly 


glu pro pro 


lys 


ser 


gly 


asp 


arg 


ser 


gly 


tyr 


ser 


ser 


pro gly 


ser 


pro gly thr 


pro 


gly 


ser 


arg 


ser 


arg 


thr 


pro 


ser 


leu 


pro thr 


pro 


pro thr arg 


glu 


pro 


lys 


lys 


val 


ala 


val 


val 


arg 


thr 


pro pro 


lys 


ser pro ser 


ser 


ala 


lys 


ser 


arg 


leu 


gin 


thr 


ala 


pro 


val pro 


met 


pro asp leu 


lys 


asn 


val 


lys 


ser 


lys 


ile 


gly 


ser 


thr 


glu asn 


leu 


lys his gin 


pro 


gly 


gly 


gly 


lys 


val 


gin 


ile 


val 


tyr 


lys pro 


val 


asp leu ser 


lys 


val 


thr 


ser 


lys 


cys 


gly 


ser 


leu 


gly 


asn ile 


his 


his lys pro 


gly 


gly 


gly 


gin 


val 


glu 


val 


lys 


ser 


glu 


lys leu 


asp 


phe lys asp 


arg 


val 


gin 


ser 


lys 


ile 


gly 


ser 


leu 


asp 


asn ile 


thr 


his val pro 


gly 


gly 


gly 


asn 


lys 


lys 


ile 


glu 


thr 


his 


lys leu 


thr 


phe arg glu 


asn 


ala 


lys 


ala 


lys 


thr 


asp 


his 


gly 


ala 


glu ile 


val 


tyr lys ser 


pro 


val 


val 


ser 


gly 


asp 


thr 


ser 


pro 


arg 


his leu 


ser 


asn val ser 


ser 


thr 


gly 


ser 


ile 


asp 


met 


val 


asp 


ser 


pro gin 


leu 


ala thr leu 


ala 


asp 


glu 


val 


ser 


ala 


ser 


leu 















In a preferred embodiment of the invention, said type IIA dis- 
eased tau proteins have the following properties: 

a) the proteins are N- and C- terminally truncated (Example 6) , 

b) are much more efficient promo tors of microtubule assembly than 
healthy normal tau protein isoforms (Example 3) 

c) their high microtubule assembly promoting activity can be re- 
moved by specific compounds such as for example inhibitory mono- 
clonal antibodies or derivatives thereof (Example 12) 

d) the proteins are not present in normal healthy brain (Example 

6) ' 

e) significantly impair intracellular transport functions (Exam- 
ple 16) 

f ) their pathologic activity relies on high affinity binding to 
microtubular network and its functional impairment (Example 3) 

g) they appear to be are conf ormationally different from normal 
tau (Example 6) 

In another preferred embodiment of the invention type IIB mole- 
cules have the following properties 



a) the proteins are N- and C- terminally truncated 

b) are less effective in promoting microtubule assembly than type 
IIA 
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c) the proteins are not present in normal healthy brain 

d) are likely to impair microtubule function by binding to it 
however to a lesser extent than observed for type IIA 

e) They appear to be are conformationally different from normal 

"""ta'u" " 

in still another preferred embodiment of the invention the epi- 
topes of type IIA -and B molecules were identified in a similar 
way as described for type I molecules. The significance for type 
II molecules of all these epitopes and their relationship to 
function on microtubules are demonstrated by the mutant forms 
which showed that they are contributing at various extent to the 
activity of N- and C-terminally double truncated tau molecules 
such as shown, in the example of type IA. 

An inhibitor useful in the composition of the present invention 
is therefore any inhibitor capable of modulating the pathological 
interaction of type IIA molecules with microtubules resulting in 
, pathological microtubules'. The term ,pathological microtubules' 
as used herein refers to microtubules modified by type II mole- 
cules. The mode of action of such an inhibitory molecule consists 
of an interaction with either microtubules, microtubule associ- 
ated molecules including tau and pathological derivatives 
thereof. As a source of inhibitors can be used libraries of small 
molecules of defined chemical structure and composition, peptide 
libraries, antibody libraries free in the solution or displayed 
on synthetic surfaces, or on phages or bacteria or ribosomes (ri- 
bosomal display) and similar technologies known in the art. 

In a preferable embodiment these '■ inhibitors' may be specific for 
the epitope or epitopes encompassed in type IIA molecules, by 
e.g. blocking the epitope or may be directed to various domains 
on type IIA molecules, as long as they prevent or disturb its 
pathological or biological activity in vitro or in vivo. The in- 
hibitory effect can be defined quantitatively e.g. by measuring 
residual microtubule assembly promoting activity by normal tau or 
by measuring intracellular microtubule parameters such as out- 
growth, stability or intracellular transport. 

In another embodiment -type IIA molecules can be inhibited or neu- 
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tralised by derivatives thereof for example as dominant negative 
proteins expressed in the respective cell. As described in the 
present invention for screening inhibitory molecules, type IIA 
peptides and derivatives thereof such as peptides containing de- 
letions or mutations can be tested or screened for their effects 
■on inhibiting the pathological effects of N- and C-terminally 
double truncated tau molecules. 

The therapeutic effect is achieved by inhibiting impairment of 
microtubule structure and functions . 

Accordingly, another object of the invention is to provide phar- 
maceutical compositions containing a specific inhibitor for the 
type IIA tau molecules of the invention, optionally in combina- 
tion with a pharmaceutical ly acceptable carrier and/or diluent. 

In another preferred embodiment the present invention relates es- 
pecially to SEQ ID NO: 11 as a prototype of type IIA group mole- 
cules. 

Still another object of the invention is to provide a method for 
the in vitro conversion of normal microtubules into a pathologi- 
cal state wherein normal tau protein is incubated with type IIA 
or -B of the present invention under physiological conditions 
which allow the interaction of said type IIA or -B with microtu- 
bules generating pathological microtubules. (Example). 

The invention further relates to a screening assay allowing 
screening any molecule libraries for compounds capable of neu- 
tralising the pathological effects of type IIA molecules. In the 
present test molecules are screened for their property to elimi- 
nate and/or neutralise type IIA molecules and to restore physio- 
logical microtubule parameters and functions caused by type II 
molecules. The drug screening assay consists of the following 
steps: 

(1) formation of pathological microtubules in the presence of 
type IIA molecules and tubulin under appropriate conditions (Ex- 
amples 3 and 4, resp.). 

(2) incubation of .these pathological microtubules with the candi- 
date drug to be tested 
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(3) examination of the result with respect to neutralising the 
effect of type IIA molecules on microtubules. (Examples 9 and 12, 
resp . ) . 

An in vitro screening system for inhibitors may be established 
which alleviates its effect on microtubules caused by pathologi- 
cal, N- and C- terminally double truncated tau type IIA. These 
'inhibitors' may be specific for the epitope or epitopes encom- 
passed in type IIA molecules, by e.g. blocking the epitope or may 
be directed to various domains on type IIA molecules, as long as 
they prevent or disturb its activity. The inhibitory effect can 
be quantified by measuring microtubule assembly dynamics. As a 
source of inhibitors can be used libraries of small molecules of 
defined chemical structure and composition, peptide libraries, 
antibody libraries free in the solution or displayed on the sur- 
face of synthetic surfaces of phages or bacteria or ribosomes 
(ribosomal display) and similar technologies known in the art. 

For the object of the present invention it is sufficient that the 
drug to be tested is effective in reducing the amount of type IIA 
molecules and/or their activity, thus fulfilling a supplementary 
therapeutic effect, although a total removal of the type IIA ac- 
tivity is preferred. 

The person skilled in the art knows how to employ the method of 
the present invention for a variety of different purposes which 
all fall under the scope of protection of the present invention. 

A further object of the invention is to provide a method for the 
validation of drugs in living cells i.e. neurons or neurone like 
cells expressing type II molecules (type II Cellular assay). Al-^ 
ternatively primary neuronal culture derived from transgenic ani- 
mals or other primary neuronal cells derived from various sources 
expressing type IIA molecules can be used. 

The term "neurons expressing type II molecules w as used above, 
refers to cells which stably express the molecules or which have 
the capacity to express type IIA molecules and into which a func- 
tional type IIA gene has been introduced either by cell culture 
techniques or via transgenesis as exemplif led below. 



In a preferred embodiment said cell expressing type IIA molecules 
is a neuroblastoma, or pheochromocytoma cell or a primary culture 
of nerve cells derived from transgenic animal expressing type IIA 
molecules . 

.The person skilled in the art is aware of the fact that the se- 
quence of the introduction of the genes encoding the type IIA 
molecules is irrelevant for the purpose of the method of the in- 
vention. 

The present invention relates to a method for testing drugs ef- 
fective in inhibiting type IIA in promoting abnormal microtubule 
formation and function in a cellular system expressing type IIA 
molecules comprising the following steps: 

a) introducing a functional gene encoding type II molecules under 
the control of suitable regulatory regions into a cell expressing 
normal tau protein 

b) allowing the formation of complexes between type IIA tau and 
microtubules (pathological microtubules) 

c) applying the drug to be tested to the cells harboring the re- 
sulting complexes 

d) examining the effect of said drug on type IIA biological ac- 
tivity such as modifications of the microtubule network and its 
associated functions. 

In still another most preferable embodiment of the present inven- 
tion is the phenotype of neurons expressing type IIA molecules. 
Neurons expressing these molecules under appropriate conditions 
causes the perturbance of intracellular transport processes. Fur- 
thermore neurons expressing type IIA molecules undergo cell death 
tinder appropriate stress conditions (Example 4). " 

Said method is particularly advantageous, since the system in- 
volved which is based on the use of continuously growing cell 
lines which provide a close image of the in vivo situation pro- 
vide an ample supply of type IIA molecules located intracellu- 
lar^ is generated allowing drug screening for compounds 
effective in alleviation of intracellular type IIA effects. 
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In a preferred embodiment the readout of this cellular assay is 
adapted for low- or high throughput quantification systems. The 
term- 'Appropriate -conditions-" in connection- with mentioned- pheno- 
types leading to disruption or impairment of microtubular trans- 
port and/ or to neuronal death refers to any condition which 
allows appearance of said phenotypes as shown in the example. 

For the object of the present invention it is sufficient that the 
potential drug either screened by this system, or validated in 
the system or drug of the third origin, is effective in the re- 
duction of the scale of the phenotypes, thus fulfilling a supple- 
mentary function in therapy, although a total elimination or 
reduction of the diseased phenotypes by the drug is preferred. 

In addition to stably growing cell lines or primary cells, the 
respective invention can also be extended to an analogous readout 
system using cells derived from whole animals which express type 
IIA or -B molecules in their neurons (The transgenic animal model 
will be exemplified below) . 

The person skilled in the art knows how to employ the method of 
the present invention for a variety of different purposes which 
all fall under the scope of protection of the present invention. 

In a preferred embodiment said cells and transgenic animals sta- " 
bly expressing N- and C-terminally double truncated type IIA tau 
forms allow mapping of disease pathways yielding precious infor- 
mation leading to new molecules relevant to pathogenesis of Alz- 
heimer' s disease, its diagnosis and treatment. These screening 
and identification procedures include mRNA expression based 
screening technologies as well as protein based technologies. 

In a preferred embodiment said type I and type IIA and -B mole- 
cules or derivatives thereof provide also a recombinant DNA con- 
struct which can be introduced into the genome of non-human 
animals for the purpose of providing a transgenic animal model 
carrying and expressing the pathogenic N- and C-terminally double 
truncated forms of type IA, type IIA and -B described above. 
Transgenic animals according to the invention include animals 
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into which the construct has been introduced directly as well as 
progeny of such animals which retain the ability to express the 
construct. The transgene sequence is a polynucleotide sequence 
functionally linked to a ubiquitously expressed or otherwise to a 
tissue specific promoter. The transgene DNA encoding type IA and 
type HA and -B molecules is preferentially cDNA and/or genomic 
DNA derived from either animal or human sources. 
Transgenic animals expressing said type I and type IIA and -B 
molecules are expected to develop functional changes at the cel- 
lular and/or the organ level which are pheno typically related to 
Alzheimer's disease. These include histological changes, rna ex- 
pression changes, changes of cellular physiological parameters 
and preferably behavioural changes characteristic of AD. In ma- 
ture neurons of transgenic animals the expression of Type I type 
and IIA and -B molecules has not previously been tested. 
It is to expect that the level at which type I, type IIA and -B 
transgenes are expressed in the transgenic animal (i.e. the level 
of transgene mRNA) , is an important parameter for obtaining con- 
sistent pathophysiological defects in the transgenic animal. By 
breeding and intercrossing animals carrying the transgenes, the 
pathological features can be enhanced, attenuated or otherwise 
modulated such as e.g. by introducing the transgene into animal 
strains currently serving as disease models, animals expressing 
other transgenes or animals lacking functional expression of 
genes (see Example 14) . 

More particularly the present invention provides a transgenic 
non-human animal cell, wherein DNA encoding a human type I and 
type ha and -B molecule is expressed under the transcriptional 
control of suitable ubiquitous or otherwise tissue specific pro- 
moters including regulable modifications thereof. 

Cells manipulated according to the invention may be prepared by 
any known transfection technique. The DNA sequence may be intro- 
duced by direct genetic manipulation or into an earlier genera- 
tion of the cell. Thus, the cells may be obtained from transgenic 
animals and cultured in vitro. Also the transgenic animals may be 
generated according to well established methods, such as manipu- 
lation of embryos, e.g. by gene transfer into embryonic stem 
cells, retroviral infection of early embryos or pronuclear micro- 
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injection. The pronuclear microinjection technique is preferred. 
Transcription units obtained from a recombinant DNA construct of 
the invention are injected into pronuclei of animal embryos and 
the- obtained f ounder transgenics are *bred\~ - - - 
The results obtained in the offspring can be analysed using vari- 
ous techniques well known in the art. Models based on cells and 
animals of the invention may be used for example to identify and 
assess the efficacy of potential therapeutic agents in neurode- 
generative diseases where tau and N- and C-terminally double 
truncated tau derived molecules but also other molecules related 
to Alzheimer 's disease such as APP and derivatives thereof can be 
analysed. In particular such models may be used in screening or 
characterisation assays for detecting agents likely to prevent 
the pathogenic effects of N- and C-terminally double truncated 
tau derived molecules described here. 

Accordingly in a further aspect the invention comprises a method 
for testing a potential therapeutic agent for a specified condi- 
tion, in particular a neurodegenerative disease, preferably AD, 
wherein a cell derived from a transgenic animal expressing the 
said double truncated forms of tau is used as target cell. More 
particularly it comprises such a method, wherein the therapeutic 
agent such as e.g. antibodies or their derivatives is adminis- 
tered to a transgenic animal of the invention or introduced by 
crossbreeding or genetic manipulation and further tested by assaj 
systems presented above. Moreover the invention comprises a 
screening or characterisation assay consisting in or including 
such a method, as well as a screening assay kit comprising cells 
of the invention. Methods for screening potential therapeutic 
agents using cell lines expressing type I and type IIA and -B 
molecules of the present invention are given in the present in- 
vention (see Example 15) . The cells and animals of the present 
invention may be used in analogpus manner. 

Another object of the invention is to provide pharmaceutical com- 
positions containing a specific inhibitor for N- and C-terminally 
double truncated forms of tau proteins optionally in combination 
with pharmaceutical^ acceptable carrier and/or diluent. 

The term 'specific inhibitor for the N- and C-terminally double 
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truncated tau' refers to substances which specifically inhibit 
the actions of said double truncated tau proteins . The nature of 
an inhibitor can be an antibody, an engineered, derived molecule 
thereof, any peptide or defined chemical composition exhibiting 
the desired inhibitory activity in the test systems of the pres- 
ent invention. 

Another object of the invention, is an antibody or derivative 
thereof which specifically recognises an epitope of the invention 
and is able to partially or completely inhibit the pathological 
activities of N- and C-terminally double truncated tau molecules. 

The term 'oligo- or polypeptide comprising an epitope, or epi- 
topes of the invention' refers to peptides which in their two- or 
three-dimensional structure reconstitute the epitope of the in- 
vention which is specifically recognised by an antibody directed 
thereto. Moreover, said oligo- or polypeptides may solely consist 
of the amino acids representing said epitope (s) or they may com- 
prise additional amino acids. The construction of such oligo- or 
polypeptides is well known in the art. 

In a preferred embodiment the present invention relates to mono- 
clonal antibodies and derivatives thereof either native or recom- 
binant, immobilised, free in solution or displayed on the surface 
of various molecules or bacteria, viruses, or other surfaces. The 
antibodies and their derivatives are able to partially or com- 
pletely inhibit the biologic, activities of N- and C-terminally 
double truncated tau molecules. Such a specific antibody activity 
has been shown using the monoclonal antibody DC44 raised against 
said double truncated tau molecules isolated from Alzheimer dis- 
eased brain tissue (Examples 10 and 11, resp.). 

Said antibody (-ies) has many other variants (DC82/ DC136, etc.) 
and may be a serum derived or a monoclonal antibody or any de- 
rivative thereof. The production of both monoclonal and poly- 
clonal antibodies to a desired epitope is well known in the art 
(43) . Furthermore; said antibody may be a natural or an antibody 
derived by genetic engineering, such as a chimeric antibody de- 
rived by techniques which are well understood in the art. Moreo- 
ver, said antibody also refers to a fragment of an antibody which 
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has retained its capacity to bind the specific epitope, such as a 
Fab fragment or single chain Fv minibody, or intracellularly ex- 
pressed single chain antibodies called intrabodies. 



In a most preferred embodiment the present invention relates to a 
pharmaceutical composition for use in the treatment of Alz- 
heimer's disease. 

Again, said pharmaceutical composition may be administered to a 
patient in need thereof by route and in dosage which is deemed 
appropriate by the physician handling the case. 

In another preferred embodiment of the present invention, said 
pharmaceutical composition contains as the specific inhibitor at 
least one monoclonal antibody or small molecule or derivative 
thereof binding any part or group of epitopes listed above lead- 
ing to their alteration and/or neutralisation, partial or com- 
plete thereof (see Examples 10, 11 and 12, resp.). 

Another object of the invention is to provide diagnostic composi- 
tions for the detection and/ or monitoring of Alzheimer's disease 
comprising a) an epitope (s) of the invention; b) an antibody of 
the invention or a derived molecule thereof. 

The diagnostic composition of the invention may comprise for ex- 
ample an antibody of the invention which specifically recognizes 
one member of type IA or type II group molecule or its epitope (s) 
or an enhanced level of type IA or type IIA molecules in a sample 
to be tested. In another embodiment, said diagnostic composition 
may comprise an antibody of the invention directed to one of the 
epitopes of the invention. Thus an Alzheimer disease state corre- 
lating sample may be detected by treating said sample with an an- 
tibody recognising the epitope of the invention. The antibody- 
epitope (hapten) complex may be visualised using a second anti- 
body directed to the antibody of the invention and being labelled 
according to methods known in the art (43) . 

In still another embodiment of the present invention, said diag- 
nostic composition may consist of an epitope of the invention and 
an antibody of the invention. Treatment of a sample with said an- 
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tibody may give rise to conclusions with regard to the disease 
state of the corresponding patent, if the binding of said anti- 
body to said sample is brought in relation to binding of said an- 
tibody to said epitope of the invention used as a reference 
sample. 

In still another embodiment, the diagnostic composition may com- 
prise type IA or type IIA molecules and an antibody of the inven- 
tion. Activity of both types of molecules may be monitored with 
respect to normal tau neutralising capacity of the sample, com- 
pared to the recombinant type IA molecule (e.g. SEQ ID N0:1) and 
IIA molecules (SEQ. ID NO: 11-18) of the invention. From the 
quantified aberrant activity of type I molecule, the level of the 
molecules contained in said sample and therefore the disease 
state of the patient may be deduced. The type IA activity may 
e.g. be deduced by measuring the residual activity of normal tau 
left unreacted with type I molecules. Type II activity may be de- 
duced by measuring further activity of type II molecules in a mi- 
cro tubule-assembly assay. 

The person skilled in the art is in the position to design other 
test systems which combine any of the above objects of the inven- 
tion. It is to be understood that all conceivable combinations 
fall within the scope of protection of the present invention. 

Another object of the 'invention is to provide a method for the in 
vitro diagnosis and/or monitoring of Alzheimer's disease compris- 
ing assaying cerebrospinal fluid isolates of a patient, carrying 
out a biopsy of nerve tissue for the presence of N- and C-termi- 
nally double truncated tau molecules of type IA and type IIA 
molecule or its epitope (s) and for the level of their normal tau 
inhibitory activity. 

The 'cerebrospinal fluid isolate of a patient' is obtained by 
standard medical procedures. 

In a further embodiment the invention relates to type I and type 
II molecules that are identical or homologous to the said amino 
acid sequence of type : IA and type IIA, respectively molecules and 
immunogenic fragments derived thereof capable of inducing an im- 
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mune response in animals . In accordance with, the present inven- 
tion, it was found that both type I and type II molecules can be 
used (a) as immunogens for production of inhibitory antibodies 
- aad-as- central part of- vaccines "Used r or immuriisation Against" the 
disease. 

Upon parenteral application, all sequences and epitopes listed 
above and type I and II isolated from. diseased brain tissue are 
immunogenic and lead to the production of antibodies specifically 
directed against said type I and II proteins and derivatives 
thereof (Examples 10 and 13, resp.). 

In a most preferred embodiment type I and II molecules or deriva-l 
tives thereof are capable of inducing an immune response directed 
against the primary, secondary and/or the ternary structure of 
said molecules. In the host, the resulting immune response is 
therefore capable of distinguishing between healthy and diseased 
forms of tau and its derivatives. This characteristic of the in- 
vention can be used as vaccine emphasising on the unique quality 
of these N- and C-terminally double truncated tau forms in induc- 
ing a disease-specific immune response. 

It is understood that, for the pathogenic N- and C-terminally 
double truncated tau polypeptides embraced herein,, natural varia-, 
tions are existing amongst individual cases of Alzheimer's dis- 
eases. These variations may exist in (an) amino acid • 
difference(s) in the overall sequence or by deletions, substitu- 
tions, insertions, inversions or additions of (an) amino acid(s) 
in said sequence. Such amino acid substitutions of the exemplary 
embodiments of this invention are within the scope of the inven- 
tion. Thus, natural variations not essentially influencing the 
immunogenicity of the polypeptide, are considered" immunologically 
equivalent variants of the said double truncated forms of tau 
polypeptides according to the invention. 

When a type IA and IIA N- and C-terminally double truncated tau 
polypeptide is used for e.g. vaccination purposes or for raising 
antibodies, it is however not necessary to use the whole polypep- 
tide.. fegcr_ljed_in the present, .inv.en.tion.. _xt -is-als-e-possibie -bo- 
use a fragment of these polypeptides that are capable of inducing 




an immune response against that entire polypeptide/ a so-called 
immunogenic fragment. 

Therefore, this embodiment of the invention not only relates to 
polypeptides according to the invention, but also to derived 
fragments of those polypeptides that are still capable of induc- 
ing an immune response against the polypeptides (so-called immu- 
nogenic fragments) . 

For the purpose of giving an example, the immunogenicity in ani- 
mals of either a recombinant type IA and IIA peptide or a frac- 
tion of type IA and IIA N- and C-terminally double truncated 
diseased tau derived from a diseased human Alzheimer brain is 
given (Example 3) 

The invention is further described by the following examples and 
the drawing figures, yet without being restricted thereto. 

Figure 1: Microtubule assembly with N- and C-terminally double 
truncated tau type IA and type IB molecules. 

Figure 2: Inhibition of microtubule assembly by N- and C-termi- 
nally double truncated tau type IA and type IB molecules. 

Figure 3 : Activity of N- and C-terminally double truncated tau 
type IIA and IIB molecules in microtubule assembly. 

Figure 4: Type IIA N- and C- terminally double truncated tau ex- 
pressed in neuronal cells significantly increases their sensitiv- 
ity to oxidative stress. 

Figure 5: Affinity of monoclonal antibody to diseased tau type IA 
protein and its deletion mutants. Apparent affinity of monoclonal 
antibody to diseased tau type IA protein and its deletion mu- 
tants. In the first column are listed: the 'prototype' tau type 
IA protein (SEQ ID NO 1) and respective deletion mutants. In the 
middle column are indicated epitopes of the present invention. 
Apparent affinities stated in the last column were measured by 
competitive ELISA, and shown as the concentrations of correspond- 
ing antigen needed for 50% competition with the prototype tau 
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type IA protein. 

Figure 6: Fractionation of tau proteins from AD-brain on Superdex 

200-column- ■• - ... 

Figure 7: Type IA inhibitory activity in fraction No. 19 from 
three separate isolations from AD brains. 

Figure 8: Demonstration of N- and c-terminally double truncated 
tau type I molecules in AD brain. 

Figure 9: Presence of tau type I in AD brain but not in healthy 
brain . 

Figure 10: Immunoreactivity of N- and C- terminally double trun- 
cated tau type II molecules. 

Figure 11: Construction of recombinant tau type I-II (SEQ ID 1- 
24) . 

Figure 12: Inhibitory effect of AD-brain derived and recombinant 
tau type IA on normal healthy tau. 

Figure 13: First round screening for drug candidates neutralizin 
tau type IA molecules (step 1) . 

Figure 14: Second round screening for drug candidates neutraliz- 
ing type IA molecules with selectivity against normal tau (step 
2) . y 

Figure 15: First round screening for drug candidates neutralizing 
tau type IIA. • " 

Figure 16: Second round screening for drug candidates capable to 
neutralize tau type IIA molecules and discriminate them from nor- 
mal tau (step 2) . 

Figure 17: Specific antibody levels in prefused mice sera deter- 
mined by ELISA. 





Figure 18: ELISA reactivity of monoclonal antibodies with AD- 
brain derived tau (fraction #19) and control healthy brain-de- ■ 
rived tau (DC 20: monoclonal antibody with irrelevant specific- 
ity. Shown data represent mean values from three parallel 
experiments ) . 

Figure 19 : ELISA reactivity of monoclonal antibodies with recom- 
binant tau molecules (DC 20: monoclonal antibody with irrelevant 
specificity. Shown data represent mean values from three par- 
alles) ... 

Figure 20: Screening for neutralizing antibodies directed against 
AD-brain- derived tau type IA (fraction #19). 

Figure 21: Screening for neutralizing antibodies directed against 
recombinant tau type IA (SEQ ID NO:l) . 

Figure 22: Screening for drug candidates capable of neutralizing 
tau type IA molecules and of discriminating them from healthy 
tau. 

Figure 23: Neutralisation of pathological activity of recombinant 
tau type IIA (SEQ ID NO. 12) by monoclonal antibodies. 

Figure 24: Levels of antibodies against recombinant tau type IIA 
(SEQ ID NO.: 12) detected by ELISA. 

Figure 25: Genotyping of transgenic animals. Panel A shows geno- 
typing of the parental generation of transgenic animals. Specific 
amplification of double truncated sequence of DNA from genomic 
DNA in lanes 1, 2, 3 and 4 indicates the presence of a specific 
transgene in genomic DNA extracted from tails of the progeny of 
foster mothers. These animals represent the parental generation 
of transgenic animals bearing double truncated type IIA tau mole- 
cules . In this example, positive (+C) and negative (-C) and two 
additional negative samples (5, 6) are shown (M=size marker) . The 
arrow indicates the expected PCR product size expected in trans- 
gene positive animals. 

Panel B. Genotyping of animals from Fl generation. Genomic DNA 
was extracted from tail tips and double truncated tau specific 
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DNA sequence was identified and are shown in lanes 1. Lane 2 and 
3 show negative controls. Identification of a tau specific DNA 
fragment in the Fl generation confirms the inherit ability of 
these transgenes . - 

Figure 26: Gene expression of double trucated human tau tran- 
scripts in the Fl generation of transgenic animals, hna was ex- 
tracted from flash frozen tissue of transgenic animals and 
subjected to reverse transcription followed by specific amplifi- 
cation of the cDNA. An example shows transgene expressing animals 
in lanes number 1 and 2. Lanes 3-5 represent non-expressing con- 
trols while lane 5 shows a non-specific signal typically emerging 
in non-transgenic animal when using this method. This example in- 
dicates the presence of double truncated tau specific mRNA ex- 
pressed from the transgene in experimental animals. 

Figure 27 : Cell death caused by type IIA molecule overexpression 
after 6 day in vitro diff eretiation. Comparison of the cell vi- 
ability of SY5Y cells transf ected with double. truncated tau type 
IIA (type IIA) and non- trans fee ted control neuron-like cells 
(mock) , respectively. 

Figure 28 : Increased binding affinity of type IIA molecules to 
microtubules is showed by using cellular fractionation of tau 
from stably transfected cells expressing type IIA double trun- 
cated molecules and full-length tau. Isolation of free tau (FT) , 
microtubule bound tau (MT) and nucleus associated tau (NAT) was 
performed as described. 

Figure 29: Logarithmically growing SH-SY5Y cells stained with 
MitoFluor. Regular distribution of mitochondria in cell bodies 
and processes. 

Figure 30: Logarithmically growing tau tpe IIA molecule express- 
ing SH-SY5Y cells stained with MitoFluor. Perinuclear clustering 
of green-labelled mitochondria around the centrosome area of the 
cell. 
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Example 1: Microtubule assembly with N- and C-terminally double 
truncated tau type IA and type IB molecules. 

The physiological function of healthy tau consists in stabilizing 
microtubules (MTs) . This function can be measured by a microtu- 
bule assembly assay (MAA) . m this examples, the MAA reactions 
were carried out using three types of tau molecules: normal 
healthy human tau, recombinant forms of tau type IA (SEQ id NO- 
1) and tau type IB (SEQ ID NO: 4) . Normal human tau, tau type IA 
and type IB were assayed individually in separate reactions Sin- 
gle preparations of tau at 0,1 mg/ml were mixed with purified 
porcine brain tubulin at a final concentration of Img/ml and ImM 
OTP, all materials in polymerisation buffer (lOOmM PIPES, pH 6 9 
ImM MgS0 4 , 2mM EGTA) . Tau was added last to initiate the promo- ' 
tion of MT assembly. After gentle and rapid mixing, the samples 
were pipetted into quartz microcuvettes and equilibrated at 37°C 
in a thermostatically controlled spectrophotometer (Beckman Coul- 
ter DU640) . The turbidity was continuously monitored at 340 nm in 
10 s intervals for a period of 20 min. The top curve 1 (Fig 1) 
shows microtubule assembly promotion capacity of normal healthy 
tau. in contrast, neither type IA (curve 2) nor type IB (curve 3) 
exhibited this activity of normal tau and lacked any MT assembly 
promotion in MAA. 



^Example 2: Inhibition of microtubule assembly by N- and C-termi- 
nally double truncated tau type IA and type IB molecules. 

Both tau type IA and IB molecules lack functional activity when 
applied in a the MT assembly assay (MAA) . Surprisingly, tau type 
IA molecules show an inhibitory effect on normal tau in promoting 
microtubule assembly, m contrast, type IB proteins (despite 
similar primary structure) do not inhibit functional activity of 
normal tau in MAA. For inhibition of human tau in MAA, recombi- 
nant forms of tau type IA (SEQ ID NO : 1 ) and type IB (SEQ ID NO: 4) 
were used. The assembly-inhibition reactions were carried out 
separately using type IA and type IB proteins. Normal human tau 
(0,1 mg/ml) was mixed with either type IA molecules (0,2 mg/ml) 

Z Tor 13 "° leCUleS <°' 2 "*'«*>• mixtures were incubated Ihr 

at 37 C with gently shaking. To the mixtures kept on ice tubulin 
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and GTP ( final concentration of tubulin is lmg/ml and OTP ImM) 
were added in polymerization buffer (lOOmM PIPES, pH 6,9, ImM 
MgSO«, 2mM EGTA) . After gentle and rapid mixing, the samples were 
pipetted- into quartz mlcrocuvetrtes and 'equilibrated "at 37°C~in a' 
thermostatically controlled spectrophotometer (Beckman Coulter 
DU640) . The turbidity changes were measured at 340 nm in 10 sec 
intervals over a period of 5 min. The top curve 1 (Figure 2) dem- 
onstrates that normal human tau alone was fully capable to induce 
tubulin polymerisation. Preincubation of normal tau with type IA 
abolished this promoting capacity of normal tau in MAA (Figure 2, 
bottom curve 2 ) . in contrary, incubation of normal tau with type 
IB does not inhibit the microtubule assembly capacity of normal 
tau (Figure 2, curve 3), despite having molecular mass in the 
same range than type IA. 

Example 3: Activity of N- and C-terminally double truncated tau 
type IIA and IIB molecules in microtubule assembly. 

As opposed to the group IA molecules, type IIA double truncated 
tau derivatives were surprisingly found to promote microtubule 
assembly significantly stronger than healthy tau. The microtubule 
assembly reactions were carried out using three types of mole- 
cules: natural healthy human tau isoforms, recombinant forms of 
tau type IIA (SEQ ID NO: 12) and tau type IIB (SEQ. ID NO: 19) . 
Three separate reactions were performed, each with single prepa- 
ration of respective tau (healthy tau, recombinant tau type IIA 
or type IIB). Individual tau preparations at 0,1 mg/ml were mixed 
with tubulin and GTP ( final concentration of tubulin is lmg/ml 
and GTP ImM) , all reagencies in polymerisation buffer (lOOmM 
PIPES, pH 6,9, ImM MgS0 4 , 2mM EGTA) . After gentle and rapid mix- 
ing, the samples were pipetted into quartz microcuvettes and 
equilibrated at 37°C in a thermostatically controlled spectropho- 
tometer (Beckman Coulter DU640 ) . The turbidity changes were 
measured at 340 nm in 10 s intervals for a period of 5 min. In 
this experiment, recombinant tau type IIA exhibited extremely 
high (threefold) promotion of microtubule assembly (Figure 3, top 
curve 1) as compared to healthy tau (Figure 3, curve 2) . in con- 
trast, type IIB molecules despite being N- and C-terminally dou- 

ble truncated are no t_abJLe_to pe rf orm-Jj^AA-as-fe-ype-Il-A-and 

promote microtubule assembly only to the level seen with healthy 
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tau (Figure 3 , curve 3 ) . 

Example 4: Disturbed stress protection mechanisms due to diseased 
tau type II protein could be demonstrated in vitro on neuroblas- 
toma cells expressing said molecules exposed to various kinds of 
oxidative stress . 

In the present example, the oxidative decomposition of 3-morpho- 
linosydnonimine (SIN-1) was used which generates superoxide ani- 
ons and nitric oxide, which react and thereby form peroxyni trite. 
This very reactive radical can further oxidize mainly cellullar 
membrane systems. Persons skilled in art will be able to also ap- 
ply another sources of oxidative stress to neuroblastoma cells in 
culture and will be able to obtain the same effect here described 
by the use on SIN-1. 

The effect of vulnerability was tested as follows: 

1. SIN-1 was applied at various concentrations (0-3.32 mM) to hu- 
man neuronal cell lines expressing tau type IIA protein SEQ ID NO 
15 and SEQ ID NO 11, respectively. 

2. The cell viability was measured by 3- (4, 5-dimethylthiazol-2- 
yl)-2,5-diphenyltetrazolium bromide (MTT) reduction assay to de- 
termine the effective concentration of hydrogen peroxide for 50 % 
cell viability (EC50) . Persons skilled in the art are aware of 
different ways for evaluating the cell viability for measuring 
the effect that is described in the present invention. 

3 . The EC50 values were compared for neuroblastoma cell lines in 
the presence or absence of diseased tau type IIA protein expres- 
sion and the statistical significance of EC50 value differences 
was assessed by t-test . 

The cells were grown in MEM/F12 with 10% PCS, 2mM L-Glut amine, 1% 
NEAA, 50U/L gentamicine. 3-morpholinosydnonimine (SIN-1) was di- 
luted from 1 M stock solution in serum- free medium (e.g., 47.5 mg 
into 230 ml) . "MTT stock solution (2.6 mg/ml) was prepared in 
MEM/F12 w/o serum and sterilized by filtration. 



The cells were cultivated by the methods that are well known. in 
the art. 96 well plates were seeded with 2xl0 4 cells/well. One 
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half of the plate was seeded with cells expressing tau type II 
molecules and the other half of the plate was seeded with non-ex- 
pressing cells. The medium was changed every 36-48 hours. 
After, five- day., -SIN=l-was- added in -concentrations ranging from 0 
to 3.3 mM and the plates were incubated for 24 hours. Each con- 
centration was assayed in hexaplicate. After SIN-1 incubation, 
MTT stock solution was added to final concentration 200 mg/ml and 
the plates were incubated for another 1 hour. The medium was dis- 
carded; the surface of the plate was dried up by paper wool. 50 
ml of DMSO per well were added and the plates were incubated 
overnight at room temperature. The absorbance at 540 nm with 
background correction at 690 nm was measured on ELISA reader and 
the background-subtracted values were used for EC50 calculation, 
as it is well known in the art. 

The significance of differences in log EC50 concentration between 
neuroblastoma cells expressing type IIA protein and non-express- 
ing said protein was tested using the t-test, the P value was for 
both type IIA. diseased tau protein P< 0.001. 
Expression of tau protein SEQ ID NO: 12 and SEQ ID NO: 18 de- 
creased the resistance of neuroblastoma cells to oxidative stress 
by 50%. 

The results of stated example (Fig, 4) contributes, to an explana- 
tion of the pathogenic effect of diseased form of tau protein. ^ 

The person skilled in the art is in the position to design other 
test systems that combine any of the above objects of the inven- 
tion. It is to be understood that all conceivable combinations 
fall within the scope of protection of the present invention. 

The chart according to Pig. 4 represents the decrease in relative 
resistance to oxidative stress of neuronal cells in the presence 
of tau type IIA. Resistance of cells non-harboring the said pro- 
tein (control) is expressed as 100% (left bar) and resistance of 
neuronal cells expressing the diseased tau protein are shown as % 
of .the control value (middle and right bar) . Resistance is de- 
fined as the concentration of free radicals generated by SIN-1 in 
culture medium, where 50% of the cells die. The results represent 
measurement of double truncated tau proteins type IIA SEQ ID 



N0:12 (93-333, R4) and SEQ ID NO: 18 (69-332, R3), respectively. 

Example 5 : Contribution of individual epitopes to the conforma- 
tion of double truncated tau type IA. 

The significance of the 'conformational region' in tau type IA 
(segment A) or its parts was determined by sequential deletion 
either of whole conformation region (segment A) or its individual 
parts called epitopes and designated A1-A6. Since the conforma- 
tion of type IA molecules strongly correlates with their func- 
tion, the contribution of each epitope (A1-A6) to the overall 
conformation of the 'segment A' was measured on the basis of its 
reactivity when using a conformation-specific monoclonal antibody 
such as e.g. MN423. MN423 antibody was raised against pronase 
treated PHF "derived from AD-brains and recognizes tau truncated 
at position E391 and the C-terminal pentapeptide [aa387-391 
(DHGAE) -minimal epitope] representing a portion of the conforma- 
tional epitope (Novak et al. (1993) EMBO J. 12:365-370.; Khue- 
bachova et al. (2002) J. Immunol. Methods 262:205-215). 

The prototype tau type IA (SEQ ID N0:1) has an affinity of 10 nM. 
Individual deletion mutants SEQ ID NO: 22, 23 , 26, with deleted 
epitopes Al, A2 and A5, respectively, showed that the contribu- 
tion of these regions is reflected in 2-4-fold decrease in affin- 
ity (20-40 nM) whereas the deletion of epitopes A3, A4, A6 in SEQ 
ID NO. 24, 25 and 27, respectively, contributed to greater, 10- 
30-fold loss of affinity (100-300 nM) . Only after deletion of the 
entire segment A (mutant SEQ ID NO: 21), the affinity is dramati- 
cally decreased by three orders of magnitude of the affinity of 
prototype tau type IA. 

Example 6: Isolation of N- and C-terminally double truncated tau 
type I and type II. 

Preparation of Alzheimer's brain derived tau type I and type II 
molecules: Diseased human brain tissue from neuropathologically 
confirmed cases of Alzheimer's disease were used as a source for 
isolation of double truncated tau IA,-B and IIA proteins. Prepa- 
ration of tau from Alzheimer brain is based on the combination of 
homogenization of tissue in TRIS buffer and fractionation of 



lysates by saturated ammonium sulfate precipitation. The tissue 
was homogenized in cold 20 mM TRIS pH 8, 0.32 mM sucrose, 10 mM 
b-merkaptoethanol , 5 mM EGTA, 10 mM EDTA, 5 mM MgSO*, 1 mM phen- 
ylmethylsu-l-fonyl fiuorid, SO-mM -sodium, fluoride., 5- mM-benzamid-= 
ine, 5 ]ig/ml leupeptin, 1.5 v^/ml pepstatin, 2 ]ig/ml aprotinin 
with Heidolph DIAX 900 homogenizer for 10 min at 4°C. The ho- 
mogenate was spun at 27 OOOg for 30 min at 4°C to remove cellular 
debris. Tau proteins were precipitated from brain tissue super- 
natant by adding 44.12 % (v/v) of saturated ammonium sulfate. Af- 
ter incubation for 20 min at 25°C and gently mixing, the sample 
was centrifuged at 20 OOOg for 10 min at 25 °C. Pellet was resus- 
pended in 500 ul of 100 mM PIPES pH 6.9, 2 mM EGTA, ImM MgSb 4 and 
dialysed against the. same buffer. This preparation was fraction- 
ated by gel filtration on a Superdex 200-column (Amersham-Pharma- 
cia-Biotech) and the fractions were resolved by SDS-PAGE 
(gradient 5-20% polyacrylamide) and tau proteins were detected by 
immunoblotting according to standard procedure using anti tau an- 
tibodies DC25 (Fig. 6). Te effect of individual fractions on mi- 
crotubule assembly was tested. 

Isolation of tau type IA and IB: Fraction #19 (Figure 7) contains 
the tau molecules corresponding to the molecular mass of (12 kDa) 
representative of double truncated type IA and IB molecules - 
this fraction showed the highest inhibitory capacity. This frac- 
tion was characterized by Western blot analysis using three anti 
tau antibodies: DC25 recognizes both, truncated and full length 
proteins, DC39 (specific for intact C-terminus) and Alz50 (spe- 
cific for intact N-terminus) (Fig., 8). The immunoreactivity of 
these antibodies demonstrated the lack of N- and C-terminally 
double truncated type I proteins only in fractions from AD-brain. 
Corresponding fractions prepared by the same method from normal 
healthy brain showed neither inhibitory activity nor specific im- 
munoreactivity (Fig 9) . The concentration of tau proteins was de- 
termined by sandwich RIA. The total protein concentration was 
determined using the Bradford assay. Preparation of tau were 
stored at -20°C until use. 

Isolation of tau type IIA: Fraction #15 (Figure 6) containing the 
tau molecules corresponding to the molecular mass of 30 kDa is 
representative of double truncated type IIA molecules. Frac- 
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tion #15 showed the abnormally high microtubule assembly promot- 
ing activity. This fraction was characterized by Western blot 
analysis using three anti tau antibodies: DC25 recognizes both 
truncated and full length proteins, DC39 (specific for intact C- 
terminus) and Alz50 (specific for intact N-terminus) (Fig. 10), 
The immunoreactivity of these antibodies demonstrated the pres- 
ence of N- and C-terminally double truncated type II proteins 
only in fractions derived from from AD-brain. The concentration 
of tau proteins was determined by sandwich RIA. Total protein 
concentration was determined using the Bradford assay. 

Cloning , expression and purification of recombinant tau type I 
and type II proteins: Genes for recombinant truncated tau pro- 
teins were derived from human cDNAs for isoforms tau43 and tau44. 
cDNA inserts were cloned in pETl7b (Novagen) vector using Ndel- 
EcoRI restriction sites. (Figure 11) (Studier et al., Meth. Enzym. 
185 (1990), 60-89). 

Recombinant N- and C-terminally double truncated tau molecules 
(SEQ ID 1-24) were prepared by PCR amplification of the relevant 
regions from cDNA. Specific primers introducing translation ini- 
tiation start (ATG) , stop (TGA) codons and Ndel # EcoRI restric- 
tion sites were used. 

Plasmids carrying deletion of A4-A6 epitopes (SEQ ID 25-27) in 
the tau cDNA were generated by inverse PCR as shown in Figure 11 
(bottom panel) . 

Example 7: Inhibitory effect of AD-brain derived and recombinant 
tau type IA on normal healthy tau in microtubule assembly assays. 

AD-brain extracts as well as recombinant molecules of tau type IA 
are capable to inhibit microtubule assembly promotion when using 
natural healthy tau isoforms. For these experiments healthy human 
tau was isolated from brains of age matched controls and tau type 
IA was isolated from brains of AD patients (see Example 6, Figure 
6, fraction #19). Recombinant tau type IA (SEQ ID NO: 1 ) and 
type IB (SEQ ID NO: 4, negative control) were produced and puri- 
fied as shown in Example 6. In these experiments, brain-derived 
healthy tau isoforms (0,1 mg/ml) were mixed with AD-brain derived 
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or recombinant type IA tau or with type IB (0,2 mg/ml) . Each com- 
bination was assayed separately. The test mixtures were incubated 
lhr at 37° C in a water bath with gently shaking. To the mixture 
kept on "±ce"was- added -tubu-l-in- and- ©MP- (-final- -concentration .of . tu- 
bulin is lmg/ml and GTP ImM) all reagencies in polymerisation 
buffer (lOOmM PIPES, pH 6/9, ImM MgS0 4 , 2mM EQTA) . After gentle 
and rapid mixing, the samples were pipetted into quartz microcu- 
vettes and equilibrated at 37 °C in a thermostatically controlled 
spectrophotometer (Beckman Coulter DU640) . The turbidity changes 
were measured at 340 nm in 10 s intervals for a period of 5 min. 
Data show that both AD brain derived as well as recombinant dou- 
ble truncated type IA molecules inhibit the capacity of normal 
tau to promote microtubule assembly (Figure 12, curve 2,3). In 
contrast, recombinant type IB is not able to inhibit the tubulin 
polymerization promoting capacity of induced by normal human tau 
(Figure 12, curve 4). 

Example 8: Screening assay for drug candidates neutralizing 
pathological activity of tau type I A. 

Using the capacity of double, truncated tau type IA molecules to 
inhibit activity of healthy normal tau to promote tubulin polym- 
erization, a screening assay was designed for selection of com- 
pounds capable of neutralizing the inhibitory activity of type IA 
molecules. Diseased tau type IA can be derived from AD-brains or 
recombinant sources, however it is expedient to use recombinant \ 
material. The neutralizing effect of drug candidate can be de- 
fined quantitatively by measuring residual capacity of normal 
healthy tau to promote microtubule assembly. The assay is per- 
formed in two steps: 

1. Screening for drug candidates neutralizing tau type I A. 
Prototype recombinant type IA molecules (SEQ. ID NO: 1) (final 
concentration 100 mg/ml) mixed separately with individual drug 
candidates (final concentration 50 mg/ml) were preincubated for 
lhr/37°C. Following incubation, tubulin, GTP and healthy tau were 
added to the mixture (the final concentration: tubulin- 1 mg/ml, 
GTP- ImM, healthy tau -100 mg/ml) at +4°C. After rapid mixing, 
the samples were loaded into quartz microcuvettes and equili- 
brated at 37 °C in a thermostatically controlled spectrophotome- 
ter. The turbidity changes were measured at 340 nm. Drug 
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candidates with capacity to neutralize type IA-activity were se- 
lected by measuring residual microtubule assembly promoting po- 
tential of normal healthy tau (Fig. 13; a drug candidate was 
preincubated with type IA molecule and efficiency' of type IA neu- 
tralization was assayed in microtubule assembly. Bottom curve 1 
and top curve 2 represent negative (no neutralization) and posi- 
tive (100%) neutralizing activity of tested drug candidate 
against diseased type IA molecules. Middle curves indicate vari- 
ous efficiencies of type IA-neutralization by three different 
drug candidates) . It is obvious that the threshold for selection 
of positive drugs is arbitrary and may vary from total neutrali- 
zation of type IA to partial neutralization of thereof. 

2. Selection of drug candidates neutralizing type IA mole- 
cules and discriminating them from normal healthy tau. Selected 
candidates with neutralizing activity against tau type IA mole- 
cules were screened for reactivity with normal healthy tau to se- 
lect molecules specific only for type IA. Separate mixtures of 
normal healthy tau (final, concentration 100 mg/ml) with individ- 
ual drug candidates (final concentration 50 mg/ml) were preincu- 
bated lhr/37°C. After incubation tubulin and GTP were added to 
the mixtures (the final concentration: tubulin 1 mg/ml, GTP- ImM) 
at +4°C. Following rapid mixing, the samples were loaded into 
quartz microcuvettes . Turbidity changes were measured at 340 nm. 
Those drug candidates were selected which showed np intreference 
with the MT polymerization promoting activity of healthy tau 
(Figure 14) . 

Example 9: Screening assay for drug candidates neutralizing 
pathological activity of tau type IIA. 

The present invention shows that tau type IIA molecules have un- 
expectedly high potency to promote tubulin polymerization forms a 
basis for a screening assay for selection of compounds neutraliz- 
ing said activity of type IIA proteins. The neutralization of 
type IIA can be quantified by measuring residual microtubule as- 
sembly activity of type IIA molecules. The assay is performed in 
two steps: 

1. Screening for therapeutic drug candidates neutralizing 
tau type IIA. 

The separate mixtures of tau type IIA (SEQ ID NO: 12) (final con- 
centration lOOmg/ml) with single drug candidates ( final concen- 
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tration 50 mg/ml) were preincubated for lhr/37°C, Following incu- 
bation tubulin and GTP were added to the mixtures (the final con- 
centration: tubulin 1 mg/ml, GTP- ImM) at +4°C. After rapid 
mixing.,- .the_ samples- -were, pipetted—into- quartz mieroGuve^-tes— and- 
equilibrated at 37 °C in a thermostatically controlled spectropho- 
tometer. The turbidity changes were measured at 340 nm. Drug can- 
didates which significantly decreased microtubule assembly rate 
were selected for second step of the assay (Figure 15; drug can- 
didate was preincubated with type IIA molecule and efficiency of 
type IIA neutralization was assayed in microtubule assembly. Bot- 
tom curve 1 represents positive (100%) neutralizing activity of 
respective drug candidate and top curve 2 indicates no neutrali- 
zation of diseased type IIA molecules. Middle curves indicate 
different efficiency of various drug candidates in type IIA-neu- 
tralization) . 

2. Selection of drug candidates neutralizing type IIA mole- 
cules and discriminating them from normal healthy tau. 
Separate mixtures of drug candidates (final concentration 50 
mg/ml) with normal healthy tau (final concentration lOOmg/ml) 
were preincubated for lhr/37°C Then tubulin and GTP were added 
to the mixtures ( the final concentration: tubulin 1 mg/ml, GTP- 
lmM) at +4°C. After rapid mixing, the samples were pipetted into 
quartz microcuvettes and equilibrated at 37°C in a thermostati- 
cally controlled spectrophotometer. The turbidity phanges were 
measured at 340 nm. Drug candidates with no interference with 
healthy tau were selected (Figure 16; drug candidates selected in 
step 1 were preincubated with healthy tau and the effect on mi- 
crotubule assembly was' assayed. The bottom curve (1) represents 
maximal inhibition of healthy tau and the top curve (2) indicates 
no inhibition of healthy tau. Middle curves show drug candidates 
with different inhibitory activity against healthy tau) . 

Example 10: Preparation of monoclonal antibodies neutralizing N- 
and C-terminally double truncated type IA and type IIA molecules . 

Immunization protocol and fusion procedure: N- and C-terminally 
double truncated tau type I proteins isolated from human Alz- 
heimer brains (Fraction #19, Example 6) were used as a immunogen. 
Balb/c mice were primed subcutaneously with said proteins (50 mg/ 
mouse) in complete Freund's adjuvant and boosted intraperito- 
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neally 3 times thereafter at 4-week intervals with the 50 
mg/mouse of the same proteins. Prefusion sera were collected and 
the level of specific antibodies against tau were tested by ELISA 
(Figure 17; the levels of specific antibodies in sera of mice im- 
munized with AD derived tau were tested in ELISA on the same an- 
tigen. All five sera showed high anti-tau binding activity to 
said tau protein. Figure 17 represents levels of specific anti- 
bodies in one of the immunized mice. As a control was used serum 
from the mouse immunized with irrelevant protein) . Mouse spleen 
cells were fused with NS/0 myeloma cells, using a modified proce- 
dure well known in the art (M. Kohler and C. Milstein, 1975). 

According to the results shown in Figure 18, monoclonal antibod- 
ies DC44, DC82 and DC136 recognize N- and C-terminally double 
truncated type IA and type IIA molecules from Alzheimer brain. 
For these antibodies no reactivity was observed with tau isolates 
from normal human brain prepared by the same method (Fig. 18) By 
contrast, monoclonal antibody DC25 reacts in ELISA with the said 
proteins from pathological as well as from normal healthy brain 
(Figure 18) . This antibody does not discriminate between patho- 
logical form (AD -tau) of tau and normal human tau. 
After this primary screening, hybridomas were subcloned in soft 
agarose, a technique well-know to those skilled in the art, fi- 
nally resulting in homogenous hybridoma populations secreting an- 
tibodies with an identical idiotype. 

These cloned hybridomas clones were further checked for reactiv- 
ity to recombinant full length tau isoforms and double truncated 
tau type IA (SEQ ID NO: 1) and type IIA (SEQ ID NO: 12) mole- 
cules, in ELISA identical to the screening assay. 

Example 11: Neutralization of the pathological activity of AD- 
brain derived and recombinant N- and C-terminally truncated type 
IA molecules using monoclonal antibodies . 

Selected monoclonal antibodies DC44, DC82 , DC136 and DC25 were 
further characterised for their ability to neutralize the activ- 
ity of native tau type IA isolated from Alzheimer brain (see Ex- 
ample 6). said tau isolate (final concentration of 100 mg/ml) and 
tested antibodies (final concentration 50 mg/ml) were preincu- 
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bated for lhr/37°C. After incubation tubulin, normal human tau 
and GTP were added to the mixture (the final concentration: tubu- 
lin 1 mg/ml, healthy human tau -100 mg/ml, GTP- ImM) at +4°C. Af- 
ter- rapid mixing- the - samples were' pipe tte'd" into" quart z 

microcuvettes and equilibrated at 37°C in a thermostatically con- 
trolled spectrophotometer. The turbidity changes were measured at 
340 nra. Monoclonal antibodies DC136, DC44 and DC82 were able to 
inhibit the pathological activity of said protein (Fig 20; anti- 
bodies were preincubated with native tau type IA (fraction #19) 
and subsequently mixed with healthy human tau, tubulin and GTP. 
The formation of microtubules was determined spectrophotometri- 
cally after 5 min at 370C. The bars represent a mean value of 
three independent experiments. MAA-microtubule assembly assay 
with healthy human tau. MAIA-micro tubule assembly inhibition as- 
say with healthy human tau preincubated with tau type IA (without 
antibody) ) . in an analogous experiment, antibodies were tested 
with the recombinant prototype of tau type IA (SEQ ID NO: 1), 
showing a similar pattern of neutralizing activity (Figure 21) . 
Control antibody DC25 recognizes all forms of truncated and nor- 
mal tau tested by ELISA and Western blotting however does not in- 
terfere with AD-brain derived type IA activity in microtubule 
assembly assays. These results suggest that antibody DC25 reacts 
with the distinct region of tau comparing to the antibodies 
DC136, DC44 and DC82 . In contrast, antibodies DC13.6, DC44 and 
DC82 bind epitope (s) involved in pathological of type IA mole- 4 



cules . 



The next selection step was aimed at antibodies capable to dis- 
criminate between healthy and type IA molecules. Mixtures of nor- 
mal healthy tau (final concentration 100 mg/ml) and tested 
antibody (final concentration 50 mg/ml) were preincubated 
lhr/37°C. After incubation tubulin and GTP were added to the mix- 
ture (the final concentration: tubulin 1 mg/ml, GTP- ImM) at 
+4°C. Following rapid' mixing, the samples were pipetted into 
quartz microcuvettes and equilibrated at 37°C in a thermostati- 
cally controlled spectrophotometer. The turbidity changes were 
measured at 340 nra. None of antibodies DC136, DC44, DC82 and DC25 
was able to inhibit normal healthy tau in microtubule assembly 
(Fig . 22 ; antibodjjaj^p.e^^ 

with healthy tau and subsequently mixed with tubulin and GTP. The 
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formation of microtubules was determined spectrophotometrically 
after 5 min at 370C. The bars show the mean value of three inde- 
pendent experiments. MAA-micro tubule assembly assay with healthy 
tau. As a negative control an antibody neutralizing healthy tau 
was used) . The present data demonstrated that antibodies DC136, 
DC44 , DC82 recognize specific epitope (s) involved in interaction 
of truncated diseased forms of tau with healthy tau proteins. 

Example 12 : Neutralization of type I1A activity by monoclonal an- 
tibodies. 

Antibodies previously isolated for their tau type IA neutralizing 
activity were tested for their neutralizing activity against re- 
combinant tau type HA (SEQ ID NO: 12) using the method described 
in Example 8B. All three neutralizing monoclonal antibodies DC44, 
DC82 and DC136 were able to reduce the pathological activity of 
N- and C-terminally double truncated tau type IIA molecules (Fig- 
ure 23; antibodies were preincubated with recombinant tau type 
IIA and then mixed with tubulin and GTP. The formation of micro- 
tubules was determined spectrophotometrically after 5 min at 
37 °c. The bars represent the mean value of three independent ex- 
periments. MAA-microtubule assembly assay with tau type IIA 
(without antibody)). This suggests that the epitope (s) of said 
antibodies is shared at least by type I A SEQ ID N[0:1 and type II 
A SEQ ID NO: 12. For antibody DC25 no type IIA-inhibitory activity 
was observed. 

Example 13: Immunogenicity of recombinant N- and C-terminally 
double truncated tau type IA and IIA molecules. 

immunization protocol: In a preferred embodiment _of the inven- 
tion, said recombinant tau type IA and IIA proteins are used for 
vaccination purposes or for raising antibodies which specifically 
neutralize the pathogenic activity of diseased tau type IA and 
IIA molecules; In the given example recombinant N- and C-termi- 
nally double truncated tau type type IIA (SEQ ID NO: 12) was used 
as an immunogen. Balb/c mice were primed subcutaneous ly with said 
proteins (50 mg/ mouse) in complete Freund 's adjuvant and 
boosted intraperitoneal^ 3 times thereafter at 4-week intervals 
with the 50 mg/mouse of the same proteins in incomplete Freund 's 



adjuvant. Immune sera were collected and the level of specific 
antibodies against respective recombinant antigens tau were de- 
termined by ELISA (Figure 24) . 

Example 14: Transgenic animals. 

DNA extracted from tail tips: Genomic DNA was extracted by DNeasy 
tissue kit, Qiagen. 

Genoptyping (Figure 25): Specific amplification of transgenes en- 
coding double truncated tau forms was performed on genomic DNA 
derived from the parental generation of transgenic animals and is 
shown in Figure 25A. Further analysis of genomic DNA of the Fl 
generation revealed that transgenes are heritable since they were 
also identified in the offspring of parental generation. Transge- 
nes encoding double truncated tau are therefore fixed in chromo- 
somal DNA of the animals (Figure 25B - Genotyping of Fl 
generation) . The animals used in this example are of a specific 
genetic background characterized by spontaneous hypertension and 
other Alzheimer's disease associated risk factors/ such as 
dyslipidaemia or diabetes. This animal strain therefore repre- 
sents a unique experimental Alzheimer model by combining the most 
frequently occuring Alzheimer's disease risk factors such as hy- 
pertension and diabetes. 

For transgene generation, standard techniques of molecular biol- 
ogy were used as described in Sambrook et al., Molecular Cloning 
A Laboratory Manual, CSH Laboratory, New York (2001) . cDNA encod- 
ing double truncated tau was introduced into an expression vector 
linked to a promoter directing an expression in ubiquitous or 
tissue specific manner. The gene fragment was introduced into one 
day embryos via pronuclear injection (non limited) . Resulting 
offspring was genotyped using genomic DNA from the tail tip. 

Analysis of transgene expression (Figure 26) : Expression of mRNA 
derived from the transgenes were assessed by RT-PCR analysis, ap- 
plying generally known methods such as RT-PCR and agarose gel 
electrophoresis . 




Panel A of Fig. 25 shows genotyping of the parental generation of 
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transgenic animals. Specific amplif ication of double truncated 
sequence of DNA from genomic DNA in lanes 1, 2, 3 and 4 indicates 
the presence of a specific transgene in genomic DNA extracted 
from tails of the progeny of foster mothers. These animals repre- 
sent the parental generation of transgenic animals bearing double 
truncated type IIA tau molecules. In this example, positive (+C) 
and negative (-C) and two additional negative samples (5, 6) are 
shown (M=size marker) . The arrow indicates the expected PCR prod- 
uct size expected in transgene positive animals. 
Panel B of Fig. 25: Genotyping of animals from Fl generation. Ge- 
nomic DNA was extracted from tail tips and double truncated tau 
specific DNA sequence was identified and are shown in lanes 1. 
Lane 2 and 3 show negative controls. Identification of a tau spe- 
cific DNA fragment in the Fl generation confirms the inheritabil- 
ity of these transgenes. 

Fig. 26: RNA was extracted from flash frozen tissue of transgenic 
animals and subjected to reverse transcription followed by spe- 
cific amplification of the cDNA. An example shows transgene ex- 
pressing animals in lanes number 1 and 2. Lanes 3-5 represent 
non-expressing controls while lane 5 shows a non-specific signal 
typically emerging in non- transgenic animal when using this 
method. This example indicates the presence of double truncated 
tau specific mRNA experssed from the transgene in experimental 
animals . 

Example 15: Overexpression of type IIA molecules causes cell 
death in differentiated neuron-like cells. 

in neuroblastoma cell line SH-SY5Y, cell death caused by type IIA 
molecule was demonstrated using standardized in vitro differen- 
tiation conditions known to the person skilled in the art. The 
effect was tested in stably transfected cells expressing type IIA 
double truncated tau and compared with non-transf ected cells. 
Cell viability was quantified manually using a trypan blue exclu- 
sion assay in triplicates and statistical evaluation was per- 
formed using the One-way ANOVA test. Significant differences in 
cell viability between cells over expressing type IIA double trun- 
cated tau and wild type cells were found after 6 day of in vitro 
differentiation (P<0,001). The over-production of type IIA double 
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truncated tau (0,5% of the total protein amount) caused a 3x-de- 
creased viability rate of the cells (Figure 27; comparison of the 
cell viability of SY5Y cells transfected with double truncated 
tau "type if A "(type "ilA) ^d'ncTn-transfected" control neuron-like 
cells (mock) , respectively) . 

In analogy to the previously shown constructions a similar system 
has been established using constructs encoding for double trun- 
cated type I molecules. 

Type II double truncated tau molecules show increased binding af- 
finity to the microtubular system. 

Isolation of free tau fractions (FT) , microtubule associated 
fractions (MT) and nuclear fractions (NAT) from stably trans- 
fected SH-SY5Y cells expressing type II A double truncated tau and 
full length tau was performed. Quantification of tau association 
with microtubules showed an increased affinity of double trun- 
cated type IIA tau to microtubules (more than 50%) in comparison 
with the full-length form (Figure 28; increased binding affinity 
of type IIA molecules to microtubules is demonstrated by using 
cellular fractionation of stably transfected cells expressing 
type IIA double truncated molecules and full-length tau. Isola- 
tion of free tau (FT) , microtubule bound tau (MT) and nucleus as- 
sociated tau (NAT) was performed as described) . The amount of tauj 
was quantified according to standard cell biological fractiona- 
tion methods used in the art followed by Western blot analysis. 
Calibration curves were calculated using recombinant tau protein 
with defined amounts. 

Example 16: Functional consequences of N- and C-terminally double 
truncated tau type II over express ion in eucaryotic cells. 

The pathological phenotype showing altered transport of mitochon- 
dria caused by overexpression of a type IIA molecules was per- 
formed in the neuroblastoma cell line SH-SY5Y. The influence of 
the N- and C-terminaliy double truncated tau type II molecules 
was examined by comparing mitochondrial redistribution in living 
^-td~t^e--SH^Y^Y^cett — 
transport assays known to the person skilled in the art were 



used, in brief, cells were cultivated on LabTekll chambers (Nunc) 
with equal density (70% confluent) according to standard labora- 
tory techniques and trans feet ion was performed using Fugene 6 
(Roche) according to the instructions of the manufacturer. Stain- 
ing of mitochondria (MitoFluor Red 594, Molecular Probes) was 
performed following the instructions of the manufacturer. Living, 
cells were examined with an Axiovert 200M fluorescence microscope 
(ZEISS) equipped with an 63x oil-immersion objective and fluores- 
cence filters. Pictures were taken with a CCD camera (Photomet- 
ries, Cool snap HQ; Hamamatsu) in combination with the software 
program MetaMorph (Universal Imaging) . 

Using the mitochondria-specific dye MitoFluor (Molecular Probes) , 
mitochondrial localization was compared in induced and non-in- 
duced SH-SY5Y cells. The staining confirmed the negative effect 
of type IIA double truncated tau molecules on mitochondrial 
transport in SH-SY5Y cells resulting in perinuclear mitochondrial 
clustering near the centrosome indicative of a functional domi- 
nance of the minus end directed intracellular forces (Figure 30) . 
As a control, logarithmically growing cells (Figure 29) reveal a 
regular distribution of mitochondria in the cell body as well as 
in the cell periphery. In conclusion, the N- and C-terrainally 
double truncated type IIA proteins are therefore able to influ- 
ence intracellular transport mechanism which affect mitochondrial 
redistribution. The present experimental setting shows a suitable 
method for testing inhibitory activities directed against type 
IIA molecules. 
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Claims : 

1. N- and C-terminally double truncated tau molecules, charac- 
terised by the 'following 'f eatures p'type TA'tau molecules") r 

the molecules have at least the first 236 N-terminal amino 
acids and at least the last 45 C-terminal amino acids of the 4 
repeat containing tau43 truncated, 

the molecules are detectable in Alzheimer's diseased brain 
tissue whereas the molecules are not detectable in normal healthy 
brain tissue and 

the molecules prevent normal tau protein from promoting mi- 
crotubule assembly in an in vitro microtubule assembly assay, 

said prevention of the promotion of micto tubule assembly can 
be eliminated by specific inhibitory, neutralising monoclonal an- 
tibodies against said molecules in a microtubule assembly assay, 

2. Type IA tau molecules according to claim 1, characterised in 
that the comprise an amino acid sequence selected from the group 
of SEQ ID NOs 1 to 3. 

3. N- and C-terminally double truncated tau molecules, charac- 
terised by the following features ("type IB tau molecules") : 

the molecules have at least the first 238 N-terminal amino 
acids and at least the last 40 C-terminal amino acids of the 4 
repeat containing tau43 or the first 207 N-terminal amino acids 
and at least the last 50 C-terminal amino acids of the 3 repeat 
containing tau44 truncated , 

the molecules are detectable in Alzheimer's diseased brain 
tissue whereas the molecules are not detectable in normal healthy 
brain tissue and 

the molecules do not prevent wild type tau from promoting 
microtubule assembly in an in vitro microtubule assembly assay, 
and, 

4. Type IB tau molecules according to claim 3, characterised in 
that the comprise an amino acid sequence selected from the group 
of SEQ ID NOs 4 to 10. 

— 5^ anfi^p^hpjgniji al 1y L_double truncated tau m olecules, charac- 

terised by the following features ( n type IIA tau molecules"): 



the molecules have at least the first 68 N-terminal amino 
acids and at least the last 40 C-terminal amino acids of the 4 
repeat containing tau43 or the first 68 N-terminal amino acids 
and at least the last 20 C-terminal amino acids of the 3 repeat 
containing tau44 truncated, 

the molecules are detectable in Alzheimer's diseased brain 
tissue, whereas the molecules are not detectable in normal 
healthy brain tissue, 

the molecules have a higher microtubule assembly promoting 
activity than wild type tau in an in vitro microtubule assembly 
assay, 

said microtubule assembly promoting activity can be elimi- 
nated by specific inhibitory, neutralising monoclonal antibodies 
against said molecules in a microtubule assembly assay and 

the pathologic activity of said molecules relies their bind- 
ing to the microtubular network defined by the microtubule polym- 
erisation promoting activity. 

6. Type IIA tau molecules according to claim 5, characterised 
in that the comprise an amino acid sequence selected from the 
group of SEQ ID NOs 11 to 18. 

7. N- and C-terminally double truncated tau molecules, charac- 
terised by the following features ("type IIB tau molecules' 7 ) : 

the molecules have at least the first 68 N-terminal amino 
acids and at least the last 40 C-terminal amino acids of the 4 
repeat containing tau43 or the first 68 N-terminal amino acids 
and at least the last 20 C-terminal amino acids of the 3 repeat 
containing tau44 truncated, 

the molecules are detectable in Alzheimer's diseased brain 
tissue, whereas the molecules are not detectable in normal 
healthy brain tissue, 

the molecules have a microtubule assembly promoting activity 
as wild type tau in an in vitro microtubule assembly assay, 

8. Type IIB tau molecules according to claim 7, characterised 
in that the comprise an amino acid sequence selected from the 
group of SEQ ID NOs 19 and 20. 



9. Method for the preparation of molecules according to any one 
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of claims 1 to 8, characterized in by the following steps: 

a) construction of a recombinant prokaryotic expression plas- 
mids carrying coding sequences for a double truncated tau mole- 
cule with "deletions" covering at least the first 2T6 and the'Tas't 
40 amino acids or the first 68 and the last 20 amino acids or 
combinations thereof, 

b) growing said bacteria under conditions allowing expression 
of said N- and C-terminally double truncated tau molecule, 

c) collecting of bacteria [by centrifugation] , 

d) resuspending the bacterial pellet, 

e) sonicating said bacteria, 

f ) fractionating said sonicated bacteria by gel filtration and 

g) monitoring the activity of the obtained fractions by a mi- 
crotubule assembly assay thereby identifying the different ac- 
tivities of type I and type II tau molecules. 

10. Method according to claim 9, characterised in that the trun- 
cations are defined as in any one of claims 1 to 8. 

11. Method according to claim 9 or 10, characterised in that the 
microtubule assembly assay activity is defined as in any one of 
claims 1 to 8. 

12. Method for the preparation of molecules according to any 
one of claims 1 to 8, characterized in by the following steps: 

a) providing Alzheimer's diseased brain tissue, 

b) homogenising said diseased brain tissue in a buffer, espe- 
cially in Tris buffer, 

c) ammonium sulfate precipitation of said homogenised brain 
tissue, 

d) redis solving in PIPES buffer, 

e) fractionating said redissolved material by gel filtration 
and 

f ) monitoring the activity of the obtained fractions by a mi- 
crotubule assembly assay thereby identifying the different ac- 
tivities of type I and type II tau molecules. 

13. Method according to claim 12, characterised in that the mi- 

cr otrubuie— as sembl-y— as say-aefeirvife-y— is— defined—as- --in -any— one~of 

claims 1 to 8. 
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14. Method for testing substances effective in disassembling a 
complex of a molecule according to claim 1 or 2 (type IA mole- 
cules) and wild type tau, comprising the following steps: 

a) allowing the formation of protein complexes between type IA 
molecules and wild type tau and 

b) incubating the protein complexes with a substance to be 
tested and identifying those substances which allow the restora- 
tion of the microtubule assembly promoting capacity of wild type 
tau. 

15. Method for testing substances effective in inhibiting mole- 
cules according to claim 1 or 2 (type IA molecules) from initiat- 
ing the formation of complexes with wild type tau in a cellular 
system expressing wild type tau comprising the following steps: 

a) introducing a functional gene encoding a type IA molecule 
under the control of suitable regulatory regions into a cell ex- 
pressing normal tau protein, 

b) allowing the formation of protein complexes between type IA 
molecules and normal tau molecules, 

c) applying the substance to be tested to the cells harboring 
said complexes and 

d) examining the effect of said substance on type IA biological 
activity as defined in claim 1. 

16. Method for in vitro conversion of microtubules into a patho- 
logical state characterised by incubating wild type tau protein 
with type IIA according to claim 5 or 6 under physiological con- 
ditions which allow the interaction of said type IIA molecules 
with microtubules generating pathological microtubules. 

17. Method for screening substances capable of neutralising the 
pathological effects of a type IIA molecules according to claims 

5 or 6 for their property to eliminate and/or neutralise type IIA 
molecules and to restore physiological microtubule parameters and 
functions caused by type II molecules comprising the following 
steps: 

a) formation of pathological microtubules in the presence of 
type IIA molecules and tubulin according to claim 16, 

b) incubation of a mixture of the substance, type IIA and tubulin 



with the substance to be screened and 

c) examination of the result with respect to diminishing the for- 
mation of pathological microtubules caused by type IIA molecules. 

18 Method for testing substances effective in inhibiting the in 
vivo activity of type IIA molecules according to claim 5 or 6 in 
promoting abnormal microtubule formation and function in a cellu- 
lar system expressing type IIA molecules comprising the following 
steps : 

a) introducing a functional gene encoding type IIA molecules 
under the control of suitable regulatory regions into a cell ex- 
pressing wild type tau, 

b) allowing the formation of complexes between type IIA tau 
molecules and microtubules, whereby said complexes are involved 
in the formation of pathological microtubules, 

c) applying the substance to be tested to the cells harboring 
said complexes and 

d) examining the effect of said substance on type IIA biologi- 
cal activity, especially on the modifications of the microtubule 
network and its associated functions. 

19. Transgenic animal expressing a molecule according to any one 
of claims 1 to 8 . 

20. Use of a transgenic animal according to claim 19 as animal 
model for Alzheimer's disease, especially for screening and test 
ing drugs for the treatment of Alzheimer's disease. 

21. Vaccine comprising a molecule according to any one of claims 
1 to 8, especially according to claims 1, 2, 5 or 6, and a phar- 
maceutical^ acceptable carrier, especially an adjuvant. 

22. Inhibitor of the initiation of the formation of complexes of 
a molecule according to claim 1 or 2 with wild type tau. 

23. Inhibitor according to claim 22 characterized in that it 
comprises a binding moiety as the monoclonal antibody DC44 depos- 
ited under the deposition number 02060767 at the European Collec- 

t _4or.-.nf_r.ftlJ__Cultures (ECACC) , Po rton Down, Salisbury , UK. 
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SUMMARY 



Described are novel N- and C-terminally double truncated tau 
molecules, ("type IA, IB, IIA and IIB tau molecules") as well as 
methods for providing these molecules, both from recombinant and 
biological sources. Moreover, screening methods using these mole- 
cules in connection with Alzheimer's diagnosis and therapy are 
provided. 



Fig. 1: Microtubule assembly using N- and C-terminally double truncated tau type IA 
and type IB molecules. 
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Microtubule assembly using normal healthy tau (1), tau type IA (2) and tau type IB (3). 

Fig. 2: Inhibition of microtubule assembly using N- and C-terminally double truncated 
tau type IA and type IB molecules. 
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Fig. 3: Activity of N- and C-terminally double truncated tau type IIA and IIB molecules 
in microtubule assembly. 
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Strong promotion of microtubule assembly in the presence of recombinant tau type HA (1). Microtubule 
assembly using normal healthy tau (2) and with recombinant tau type IIB (3) 

Fig. 4: Type IIA N- and C- terminaly double truncated tau expressed in neuronal cells 
significantly increases their sensitivity to oxidative stress. 




0HD control B 93-333, R4 69-332, R3 

SEQ ID NO:12 SEQIDNO:18 ' 

The bar chart represents the decrease in relative resistance to oxidative stress of neuronal cells with 
the presence of tau type IIA. Resistance of cells non-harboring the said protein (control) is expressed 
as 100% (left bar) and resistance of neuronal cells expressing the diseased tau protein are shown as 
% of the control value (middle and right bar). Resistance is defined as the concentration of free 
radicals generated by SIN-1 In culture medium, where 50% of the cells die. The results represent 
measurement of double truncated tau proteins type IIA SEQ ID NO;12 (93-333, R4) and SEQ ID 
NO:1 8 (69-332, R3), respectively. 




Fig. 5: Affinity of a monoclonal antibody to diseased tau type IA protein and its deletion 
mutants. 
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Fig. 6: Fractionation of tau derived from AD-brain extracts using Superdex 200- 
columns. 
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H: Tau from healthy brain before fractionation, AD: Tau from AD brain before fractionation, 1-26: 
individual fractions, rl: six isoforms of tau (recombinant, pooled), M: molecular weight markers. 




Fig. 7: Detection of tau type IA inhibitory activity in three separate isolations of fraction 
19. 
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Tau preparations from fraction 19 of AD and healthy brains were mixed with normal healthy tau, tubulin and GTP 
at 4 C. The samples were loaded into preheated cuvettes (37*C) and the changes In turbidity after 5 min. was 
measured using a temperature controlled spectrophotometer. 
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Fig. 8: Occurence of N- and C- terminally truncated tau molecules in AD brain. 
Demonstration of N- and C-terminallv double truncated tau tvoe I 
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Western blot analysis of using mABs DC25, ALZ50 and DC39. 

Lane 1: Recombinant six isoforms of human tau. Lanes 2-4: Three different preparations of fraction 19 
from AD brain. 
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Fig. 9: Western blot using antibody DC25: Detection of tau type I in AD brain but not 
in healthy brain. 
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Tau type I proteins are present in Alzheimer brain lysates (AD) and absent in normal healthy brain (H) 
as demonstrated by Western blot M: molecular weight marker. Proteins resolved by SDS-PAGE were 
transfered to PVDF membranes and probed with antibody DC25. 

1 . Extracts from healthy brain (H) and Alzheimer's disease brain (AD). 

2. Fraction No. 19 from healthy brain (H, does not contain type IA molecules) and Alzheimer's disease 
brain (AD) extracts after gel chromatography on Superdex 200 column. 
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Fig 10: Immunoreactivlty of N- and C- terminally double truncated tau type II 
molecules. 
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Proteins resolved by SDS PAGE (5-20% acrylamide) were transfered to PVDF membranes. Blots 
were probed with three different mAbs: DC25, ALZ50 and DC39. 

Lanes: 

1. Recombinant six isoforms of human tau. 

2-3. Two different preparations of fraction #15 from AD-bralns. 
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Fig. 11: 

Construction of recombinant tau type I— II (SEQ ID 1-24): 
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Construction of recombinant tau type II (SEQ ID 25-27): 
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Fig. 12: Inhibitory effect in microtubule assembly of brain derived or recombinant tau 
typelA. 
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Fig. 13: First round screening of drug candidates neutralizing tau type IA molecules 
(step 1) 
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A drug candidate was preincubated with type IA molecule and efficiency of type IA neutralization was 
assayed in microtubule assembly. Bottom curve 1 and top curve 2 represent negative (no 
neutralization ) and positive (100%) neutralizing activity of tested drug candidate against diseased 
type IA molecules. Middle curves indicate various efficiencies of type lA-neutralization by three 
different drug candidates. 

Fig. 14: Second round screening for drug candidates neutralizing type IA molecules with 
selectivity against normal tau (step 2). 
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Drug candidates selected in step 1 were preincubated with healthy tau and the effect on 
microtubule assembly was assayed. The bottom curve (1) shows inactivation of healthy tau 
thus no selectivity. The top curve (2) shows no inhibition of healthy tau, thus high specificity 
for the diseased forms. The middle curves show drug candidates with various levels of 
,sp.eoHicjty_againsJ^ tau. 




Drug candidate was preincubated with type IIA molecule and efficiency of type IIA neutralization was 
assayed in microtubule assembly. Bottom curve 1 represents positive (100%) neutralizing activity of 
respective drug candidate and top curve 2 indicates no neutralization of diseased type IIA molecules. 
Middle curves indicate different efficiency of various drug candidates in type II A-neutralization. 



Fig. 16: Second round screening for drug candidates capable to neutralize tau type IIA 
molecules and discriminate them from normal tau (step 2). 
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Drug candidates selected in step 1 were preincubated with healthy tau and the effect on microtubule 
assembly was assayed. The bottom curve (1) represents maximal inhibition of healthy tau and the top 
curve (2) Indicates no inhibition of healthy tau. Middle curves show drug candidates with different 
inhibitory activity against healthy tau. 



Fig. 17: Specific antibody levels In prefused mice sera determined by ELISA 




The levels of specific antibodies in sera of mice immunized with AD derived tau were tested in ELISA 
on the same antigen. All five sera showed high anti-tau binding activity to said tau protein. Figure 
17 represents levels of specific antibodies in one of the immunized mice. As a control was used 
serum from the mouse immunized with irrelevant protein. 

Fig. 18: ELISA reactivity of monoclonal antibodies with AD-brain derived tau (fraction 
#19) and control healthy brain-derived tau. 
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#DC44-deposlted on 4 June 2002 at the ECACC Porton Down, Salisbury-Wilts, UK under the 
deposition number 02060767; * the immunogen for these antibodies was N-and C-terminally truncated 
tau type I proteins isolated from Alzheimer brains (fraction 19); DC 20: monoclonal antibody with 
irrelevant specificity. Shown data represent mean values from three parall experiments. 
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Fig. 19. ELISA reactivity of monoclonal antibodies with recombinant tau molecules. 
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DC 20: monoclonal antibody with irrelevant specificity 
Shown data represent mean values from three parades 

Kg. 20: Screening for neutralizing antibodies directed against AD-brain derived tau 
type IA (fraction #19). 
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Fig. 22: Screening for drug candidates capable of neutralizing tau type IA molecules and 
of discriminating them from healthy tau. 
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Antibodies neutralizing tau type IA were preincubated with healthy tau and subsequently ^Ifd vvKh 
tubulin and GTP. The formation of microtubules was determined spectrophotometry^ after 5 min at 
37°C The bare show the mean value of three Independent experiments. MAA - microtubule assembly 
assay with healthy tau. As a negative control an antibody neutralizing healthy tau was used. 




Fig 23: Neutralization of pathological activity of recombinant tau type HA (SEQ ID 
NO: 12) by monoclonal antibodies 




Antibodies were preincubated with recombinant tau type IIA and then mixed with tubulin and GTP. 
The formation of microtubules was determined spectrophotometrlcally after 5 min at 37°C. The bars 
represent the mean value of three independent experiments. MAA - microtubule assembly assay with 
tau type IIA (without antibody). 

Fig 24: Levels of antibodies against recombinant tau type HA (SEQ ID NO.:12) 
detected by ELISA. 
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serum dilution 





Panel A shows genotyping of the parental generation of transgenic animals. Specific amplification of 
^tSSSiSSSSSd DMA from genomic DNA in lanes 1, 2. 3 and 4 indicates the i presence of 
a speciKansgene in genomic DNA extracted from tails of the progeny of foster mothers. These 
Represent the parental generation of transgenic animals bearing double truncated type IIA feu 
SSe^exIrSe. posLe.( + C) and negati ve W ^^1^S^SSS& 2 
are shown (M=size marker). The anow indicates the expected PCR product size expected in 

— from F1 generation. Genomic DNA was extracted from tail tips and 
double tmncatedtau specific DNA sequence was identified and are shown in lanes 1. Lane 2 and 13 
^ JSSS«°n of a tau specific DNA fragment in the F1 generation confirms the 
Inheritability of these transgenes. ' 
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Fig. 26: Gene expression of double trucated human to* transcripts in the Fl generation 
of transgenic animals. 
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RNA was extracted from flash frozen tissue of transgenic animals and subjected to reverse 
transcription followed by specific amplification of the cDNA. An example shows transgene expressing 
animals In lanes number 1 and 2. Lanes 3-5 represent non-expressing controls while fane 5 shows a 
non-specific signal typically emerging in non-transgenlc animal when using this method. This example 
indicates the presence of double truncated tau specific mRNA experesed from the transgene In 
expenmental animals. 



Fig. 27: Cell death caused by type HA molecule overexpression after 6 day in vitro 
differentiation. 




Comparison of the cell viability of SY5Y cells transfected with double truncated tau type HA (type MA) and non- 
transfected control neuron-like cells (mock), respectively. 



Fig. 28: Increased binding affinity of type HA molecules to microtubules. 




Increased binding affinity of type IIA molecules to microtubules is demonstrated by using cellular 
fractionation of stably transfected cells expressing type IIA double truncated molecules and full-length 
tau. Isolation of free tau (FT), microtubule bound tau (MT) and nucleus associated tau (NAT) was 
performed as described. 



Fig. 29: Logarithmically growing SH-SY5Y cells stained with MitoFluor. Regular 
distribution of mitochondria in cell bodies and processes. 




Fig. 30: Logarithmically growing tan type HA expressing SH-SY5Y cells stained with 
MitoFluor. Perinuclear clustering of green-labelled mitochondria around the 
centrosome area of the cell. 
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